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Abstract
Nutritional factors affecting bone health throughout the lifecycle has received 
considerable attention in the literature but little is known about the influence of 
nutrition on stress fracture (SF) risk. Royal Marine (RM) recruits undergo a 32-week 
arduous military training programme, where the prevalence of SF has been -5% 
over recent years. The Institute of Naval Medicine was tasked by Surgeon General 
to investigate risk factors associated with stress fracture during RM training at the 
Commando Training Centre Royal Marines. The present thesis focuses on the 
nutritional aspects of this work, with the primary aim to identify the influence of 
past and present dietary intake and nutritional status on SF risk and bone health in 
RM recruits.
A bespoke dietary assessment tool was developed to investigate nutritional intake 
relative to SF risk and training success in a cohort of RM recruits (n=545). No 
aspects of diet during training were associated with SF risk. However, recruits with 
a higher energy intake during training were more likely to successfully complete 
training (P<0.05). Poor aerobic fitness, low body mass (less than 65 kg) and small 
thigh girth were independent risk factors for SF (n=27; P<0.05).
In a larger cohort of RM recruits (n=1090), childhood (0-12 y), adolescent (12-18 y) 
and pre-RM training diets were assessed with a food frequency questionnaire. 
Vitamin D and micronutrient status were assessed in serum blood samples. 
Childhood milk intake and adolescent fruit and vegetable intakes were associated 
with bone quality (assessed by Broadband Ultrasound Attenuation) (P<0.05). Low 
milk intake during childhood, and high intake of fizzy drinks during adolescence, 
were associated with increased SF risk (n=75; P<0.05). Importantly, serum 25(OH)D 
(as a marker of vitamin D status) <60 nmol.L'^ was associated with increased SF risk 
(P<0.05).
Stress fractured recruits (n=65) and matched controls (n=65) underwent Dual 
Energy X-ray Absorptiometry and peripheral Quantitative Computed Tomography 
scanning. Stress fractured recruits had lower bone density of the lumbar spine and 
hip, and narrower tibiae than their matched controls.
These novel data suggest an important role for lifestyle factors in the pathogenesis 
of SF in a military population, with concomitant bone density/structure differences 
at key fracture sites. Further research (including a possible vitamin D 
supplementation intervention) is warranted.
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Chapter 1
Nutritional influences on bone health, stress fracture risk and 
training progression in Royal Marine recruits. 
Chapter 1 
Introduction
1.1 Preface
Stress fractures have long been associated with military training, and can require 
lengthy rehabilitation. The Royal Marines (RM) tasked the Institute of Naval 
Medicine (INM) to undertake a thorough investigation of the risk factors associated 
with stress fracture during RM training. This thesis focuses on the nutritional 
aspects of this work. The aim was to explore the influence of past and present 
nutrition on bone health and risk of stress fracture. A bespoke method of assessing 
dietary intake was developed and utilised to evaluate the nutritional intake of 
recruits during training. Physical and lifestyle factors, as well as past and present 
dietary intake were interrogated for associations with bone health, bone injury, and 
training outcome. This chapter presents an overview of RM recruit training and the 
background to the research problem. It concludes with an outline of the thesis, and 
the objectives for each thesis chapter.
1.2 The Royal Marines
The Royal Marines are the amphibious fighting unit of the Royal Navy. The RM 
provide a key component of the United Kingdom's (UK) Rapid Reaction Force, and 
as such could be deployed to a wide variety of scenarios and environments at short 
notice. A RM Commando must be capable of performing under conditions of 
fatigue and stress, working long hours, with insufficient rest and, at times, 
inadequate food intake. Thus, the professional training of RM recruits needs to be 
both physically and mentally challenging to achieve the required levels of both 
physical and mental resilience.
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1.3 Royal Marine training
The Commando Training Centre Royal Marines (CTCRM), Lympstone, Devon is the 
location for RM recruit and Young Officer (YO) training, as well as professional 
courses for serving RM Commandos. The Corps is unique in the Armed Forces, in 
that it is the only Service where recruits and officer cadets are trained at the same 
establishment.
The mission statement of CTCRM is:
'...To train the required number o f marines, commanders and specialists 
f i t  fo r operations, and provide support to the Front Line and wider 
Defence.'
(Royal Navy, 2011)
Potential RM recruits must be male and aged between 16 and 33 years inclusive. 
Whilst there are no formal qualifications required, potential recruits have to pass a 
series of tests at the Armed Forces Careers Office (AFCO), and then the Potential 
Royal Marines Course (PRMC) at CTCRM. During this three-day course, recruits are 
tested and scored on performances in the gym, on the assault course, on a three- 
mile run, in the classroom; as well as from an interview. Potential recruits must 
demonstrate a good level of physical fitness, have a minimum body mass of 60 kg^, 
and have the desire to push themselves to their full potential whilst working within 
a disciplined team. Successful candidates will be offered a place within a new 
Troop to commence RM training. The interval between PRMC and the start of 
training could be anywhere between 6 weeks to 12 months, depending upon the 
performance of a candidate at PRMC and the prevailing recruitment situation. 
During this time, recruits are expected to maintain the required fitness standard for 
entering training. Physical fitness is re-confirmed with a battery of tests during the 
first week of training.
 ^ When this work was conducted, the minimum body mass was 60 kg, but has since been 
increased to 65 kg (Jan 2012).
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A new Troop of recruits (around 50 in number) start training every two weeks at 
CTCRM, and will work with a training team dedicated to that Troop. The training 
team will be comprised of trained RM personnel -  minimum rank of Corporal -  who 
will bring different war-fighting specialties and experience to the training 
environment. At any one time, there are approximately 900 recruits in RM training, 
with around 600 recruits successfully completing training and joining the Corps 
each year.
RM training is widely acknowledged to be the most arduous initial military training 
programme in the world. The 32-week programme encompasses physical training, 
classroom-based learning and personal administration skills along with field 
exercises, weapons training and specific Commando skills such as the assault course 
and rope climbing (Figure 1.1). There is a progression of professional and physical 
assessments (or criterion tests) during the course, culminating in the Commando 
Tests in week-31. A recruit must pass the Commando Tests in order to be awarded 
the coveted Green Beret.
a) Assault course b) Rope climbing
Figure 1.1 Roval Marine recruits training at CTCRM
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1.4 Royal Marine training and injury
The RM military training programme takes a structured, group approach, where 
recruits are expected to perform to the required standard and to match that of 
their contemporaries. As a necessity, RM recruits must experience arduous and 
challenging situations and environments during training to prepare them for their 
future roles as trained Marines. As a result of the intensity and unrelenting nature 
of military training, there is a relatively high incidence of injuries (Blacker et al., 
2008; Munnoch and Bridger, 2005). If a RM recruit becomes injured during 
training, and is deemed unable to continue with his Troop, he will be transferred to 
Hunter Company to allow time for recovery, rehabilitation and remedial training.
Hunter Company provides an environment in which injured recruits can be 
rehabilitated, such that they can be returned to mainstream training as quickly as 
possible. Hunter Company recruits work with remedial instructors (RIs) and 
physiotherapists, on individually structured training programmes, to return recruits 
to the required physical standard to rejoin mainstream training at the week of 
training they had reached prior to injury. One in six recruits suffers an injury during 
training of sufficient severity to require transfer to Hunter Company.^ Recruit injury 
and rehabilitation represent a significant burden to CTCRM, both financially and in 
terms of achieving the target 'Gains to Strength' (GTS) output of trained RM 
personnel. Overuse injuries, including stress fracture, account for a high proportion 
of the injuries sustained in RM recruits (Munnoch and Bridger, 2005), and in other 
military trainees. Stress fracture during RM training has been previously reported 
to have a prevalence of 4% to 6% (Munnoch and Bridger, 2005; Ross and Allsopp, 
2002). This injury prevalence is of particular concern due to the lengthy 
rehabilitation time required for a recruit to return to full fitness (median recovery 
of 12 to 35 weeks depending on the site and nature of the injury)(Munnoch and 
Bridger, 2005).
^Personal communication with Hunter company physiotherapist 29/05/2012
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1.5 Royal Marine training and bone health
The risk of stress fracture within the military population has been shown to be 
linked with a history of smoking and a poor level of physical fitness (Beck et al., 
2000; Blacker et al., 2008; Jones et al., 1993; Lappe et al., 2001). Although the role 
of nutrition in bone health is well established, both for the development of peak 
bone mass (PBM) (Heaney, 2000; Matkovic et al., 1990) and in the risk of 
osteoporotic fracture in later life (Avenell et al., 2005; Dawson-Hughes et al., 1997), 
evidence of nutritional links to stress fracture risk is limited and inconsistent (Lappe 
et al., 2001; Ruffing et al., 2006).
1.6 Thesis aim
1.6.1 The primary aim
The primary aim of this thesis was to explore the influence of dietary intake (past 
and present) on bone health and stress fracture risk in RM recruits.
1.6.2 Secondary Aims
• To design and validate a method of recording dietary intake suitable for use 
in the military.
• To compare the nutritional intake of RM recruits with recommendations for 
military training.
• To evaluate the influence of physical characteristics, lifestyle factors and 
physical fitness on training success and stress fracture risk.
• To evaluate the relationships between bone parameters, including bone 
structure, size and density, and stress fracture risk.
Chapter 1
1.7 Thesis outline
Each chapter in this thesis addresses a distinct research question from the thesis 
aims. As such, a literature review, specific to the individual chapter, is included at 
the start of each chapter rather than presenting a single literature review at the 
outset of this thesis. The first part of this thesis addresses the assessment of 
dietary intake during RM training and the relationships between current dietary 
intake, injury and training outcome. A bespoke method of dietary data collection 
was validated for use within the military environment (Chapter 2). This method 
was then administered in a study of dietary intake, physical and lifestyle factors 
during RM training, and their associations with injury and training outcome 
(Chapter 3). Subsequent chapters focus more closely on the bone health of RM 
recruits, exploring the influence of previous diet and lifestyle on the risk of stress 
fracture and bone quality. The test-retest reliability of the Broadband Ultrasound 
Attenuation (BUA) technique as a marker of bone health status within RM recruits 
is examined in Chapter 4. Chapter 5 investigates the relationships between 
measures of bone health, nutritional status, previous diet and lifestyle factors, and 
stress fracture risk. A nested case-control study on stress-fractured recruits and 
matched controls is reported in Chapter 6, where bone density and other bone 
parameters are measured using dual-energy X-Ray absorptiometry (DXA) and 
peripheral quantitative computed tomography (pQCT). The final chapter of this 
thesis (Chapter 7) presents a general discussion, bringing together the findings from 
the studies in this thesis to present a model for stress fracture risk during RM 
training.
Chapter 2
Chapter 2 
Validation of the Food Record Card -  a bespoke approach to 
assessing dietary intake
2.1 Introduction
The aim of the first part of this thesis was to investigate the relationships between 
current dietary intake, training success and injury. Thus, a valid method of 
assessing dietary intake that was appropriate for use within the military 
environment was required. The method needed to collate data on energy, 
macronutrient and micronutrient intake on an individual basis, on up to fifty 
recruits simultaneously, in a very short timeframe at scheduled mealtimes. If this 
method proved successful in both validity and utility, then it could potentially be 
utilised in other studies assessing dietary intake across the military.
2.1.1 Nutritional assessment in military training
Military training provides a unique challenge to the assessment of dietary intake. 
Up to 900 recruits are based at CTCRM at any one time. The Main Galley (the Royal 
Navy term for the dining room) is a high volume, quick turnover, self-service 
canteen, with recruits selecting pre-prepared foods from the servery during the 
four meal times each day. The lack of involvement in food preparation, coupled 
with limited time for consuming the meal, means that often little attention is paid 
by the recruit as to the exact nature of the foods consumed. Figure 2.1 presents 
photos of two lunches selected by recruits in the Main Galley.^ The recruit priority 
at rushed meal times is one of re-fuelling rather than taste or enjoyment. Coupled 
with high levels of fatigue, a recruit's recollection of food consumed in a 24-h 
period would be poor. Thus, a real-time approach to dietary intake recording was 
deemed the most appropriate method for use during RM training.
 ^ Note that the plate size photographed here was the 9" plate used at CTCRM until December 
2007, when it was replaced by a 10" standard dining plate, reducing the requirement to stack 
foods so high.
Chapter 2
Previous studies on nutritional intake within the military have taken a variety of 
approaches. A study in RM recruits adopted the double-plating method with a 
small number (n=46) of research participants (Alexander et al., 1991). This method 
is time consuming for both recruit and investigator and has considerable cost 
implications due to food wastage. This approach would therefore not be 
appropriate for use on a large scale. Other studies have used a food frequency 
questionnaire (FFQ) (Etzion-Daniel et al., 2008; Mullie et al., 2009), or an estimated 
food record (Wenkam and Fox, 1989), to assess intake in military personnel. FFQs 
are designed to provide an estimation of habitual intake (Willett and Stamper, 
1998). The study reported in Chapter 3 aimed to assess associations between 
dietary intake at various time points during RM training relative to injury and 
training outcome. Therefore a method of assessing current dietary intake rather 
than habitual dietary intake was needed to address the purposes of the present 
research programme. The requirements of the RM recruit dietary intake 
measurement tool were that it had to provide an approach that would be: simple 
and quick to complete; be quantitative in design; provide a framework of food 
types commonly served; ensure recruit confidentiality; and be uniquely identifiable 
to each individual.
Figure 2.1 Examples of lunches self-served bv recruits in the Main Gallev.
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2.1.2 Food record method
The food record method of assessing dietary intake requires an individual to list, in 
detail, all foods and drinks consumed during a study period (Buzzard, 1998). Often, 
this takes the form of a Food Diary, which an individual keeps with them, and notes 
foods and drinks consumed throughout the study period. However, Food Diaries 
were not appropriate for use during military training for a number of reasons. The 
types of activities undertaken during RM training, the regular changes of clothing 
and the pace of RM training meant that a Food Diary would not survive a day with a 
recruit, and it would likely be lost, forgotten, soaked by water, or covered in mud. 
To provide a solution to these problems, a Food Record Card (FRC) was developed 
that was available in the Main Galley at each mealtime. Thus, recruits involved in 
the study could collect and complete a FRC at each mealtime, recording what they 
had consumed at that meal and any leftovers, as well as snacks and beverages that 
had been consumed since the previous meal. The completed FRC would then be 
posted it into a locked metal collection box as recruits left the Main Galley.
Whilst no method of food and nutrient intake assessment is free from error 
(Beaton, 1994), a weighed food record is generally accepted as having the potential 
to provide the most accurate description of the types and amounts of foods actually 
consumed during a specified period (Rutishauser, 2005). However, this approach 
would not be possible in the mass-catering environment of military training, both in 
terms of time and in terms of the practical logistics. In an estimated record, 
portions may be described in household measures (e.g. spoons, cups) (Buzzard, 
1998), or with the aid of photographs or models (Nelson and Haraldsdottir, 1998). 
Standard NATO issue catering serving utensils are used in all military 
establishments, and it was hypothesised that these could be adopted to establish 
standard MOD servings (and hence quantify portion sizes) to inform an estimated 
food record instead of household measures. Thus, the estimated food record 
provided a framework for a workable model. To this end, a FRC was developed for 
each meal, where portion sizes were recorded in standard servings (Appendix A). 
The FRC needed to be validated prior to its administration in the main study to
Chapter 2
ensure that it was fit for purpose in terms of accurately and reliably recording 
recruits' dietary intake within a busy military dining environment.
2.1.3 Aim and hypotheses
The aim of the study reported in this chapter was to validate the Food Record Card 
as a practical and accurate tool for the collection of individual dietary intake data in 
a military establishment.
Hvpotheses
IH i: Recruits would accurately detail the food items selected on the FRC
(as determined in relation to food items detailed from the duplicate 
plate)
2Hi: The FRC would provide an accurate assessment of dietary intake in
RM recruits
1 0
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2.2 Methods
The FRC provided a record of dietary intake, with portions described in terms of 
standard military serving utensils. A portion was the defined as the amount of food 
per serving (e.g. a spoonful or scoop) multiplied by the number of servings. To 
validate the FRC there were three aspects that required attention. First, the 
standard serving size (mass per spoonful, scoop, ladle, etc.) for the range of.food 
items provided in the CTCRM Main Galley needed to be determined (Part-A). 
Second, it was necessary to determine if the dietary intake recorded by a recruit 
using the FRC was an accurate representation of what was consumed. The 
duplicate portion (double-plating) weighed food intake method was used for this 
comparison (Part-B), hereafter termed the 'double-plate method/ The final part of 
this validation study, was to evaluate the usability of the FRC within the context of 
normal CTCRM recruit feeding (Part-C). The study was conducted with the 
assistance of the catering staff in the Main Galley. The methods and procedures 
undertaken in this study were approved by the Ministry of Defence Research Ethics 
Committee (MODREC) (Appendix B).
2.2.1 Research participants
Twenty-five RM recruits (aged 18 -  29 y; mean ± SD 21.5 ± 3.3 y) from Hunter 
Company, who were deemed by the Hunter Company Command to be physically 
able, and to have sufficient time in their schedules to complete the study, 
volunteered to participate in the investigation. The sample size was determined in 
relation to similar research reported in the nutrition science literature, and from 
work previously undertaken at CTCRM (Allsopp et al., 1991a; Kim et al., 1984; 
Lambert et al., 2005). Earlier studies involving this technique have included 
between 20 -  30 participants (Allsopp et al., 1991a; Kim et al., 1984; Lambert et al., 
2005). Recruits were provided with an oral and written brief and had opportunity 
to ask questions of the project team and the Independent Medical Officer (IMG), 
before written informed consent was obtained. Written consent was also obtained 
for the taking of photographs and video filming, which were included to triangulate 
the nutritional measures in the study. Recruits were excluded from the study if
11
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they had injuries that would impede their ability to serve food, and to move safely 
around the Main Galley whilst carrying a tray containing two plates of food.
2.2.2 Study protocol -  Part A
The aim of Part A was to determine the mass of RM standard servings for food 
items provided in the CTCRM Main Galley. Figure 2.2 presents a schematic 
representation of the study design for Part A. The volunteers were shown 
examples of standard CTCRM servings of each food type (in terms of a serving 
spoon, scoop, ladle, etc.)(Figure 2.3). The plates to be used in the study were 
sequentially weighed (Signum Supreme SIWS weighing scales; Sartorius AG, 
Goettingen, Germany), and were then maintained in this specific order for each 
food item examined. At the servery in the Main Galley, recruits were numbered 
from 1 to 25, and selected an empty plate in this number order. A recruit then 
placed one serving of each selected food item onto this previously weighed empty 
plate, which was then re-weighed to determine the mass of the plate with the food 
item serving. The mean mass of each food item was then calculated. Foods were 
grouped into categories of similar type and consistency (e.g. sloppy dishes such as 
chilli, composite dishes such as shepherd's pie), and at least one representative 
food from each category was examined.
(a) Ladle of chilli (b) Scoop of chips
Figure 2.3 Examples of standard CTCRM servings.
(c) Spoon of baked 
beans
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2.2.3 Study protocol -  Part B
The aim of Part B was to validate the FRC as a measurement approach for recording 
dietary intake data from RM recruits (i.e. in terms of serving measures/portions) via 
comparison with the double-plating method. The study design for Part-B is 
presented in Figure 2.4. At each of the four main mealtimes (i.e. breakfast (served 
at 0615), lunch (served at 1230), evening meal (served at 1720), and the fourth 
meal (served at 2045), recruits (sample size, n=25) chose the food items making up 
their meal as normal, serving their food selections onto a standard Ministry of 
Defence (MOD) 22.5 cm (9 inch) plate. At the same time, recruits served a second 
plate of food which was identical in terms of food items selected and the number of 
servings. The recruit then reported to the investigator. The investigator randomly 
selected one of the plates (Plate-A), and the individual food items on Plate-A were 
weighed and recorded on the weighed food intake data sheet. The recruit took the 
other plate (Plate-B) to the designated INM project table in the Main Galley and 
recorded the contents of this meal (i.e. food items and the number of standardised 
servings (e.g. serving spoonfuls)) on a FRC. The recruit also recorded (snack) items 
consumed since the previous meal in the Main Galley on the FRC. At the end of the 
meal, the recruit recorded leftovers (if any) on the FRC, and returned the 
completed FRC and the plate (with leftovers) to the investigator. Data referring to 
the food items selected and the weighed portion sizes from Plate-A were compared 
with data obtained from the FRC. This provided a measure of the accuracy of the 
FRC in describing food items and portion sizes consumed by recruits during meals in 
the Main Galley.
Further weighing of meals was undertaken to verify the portion sizes identified in 
Part A. As in Part A, plates were sequentially weighed prior to the recruits selecting 
their food item choices, recruits would then take a plate and move along the 
servery making their meal selections. After each item of food was added to the 
plate, the recruit would present their plate to the investigator for the cumulative 
mass (plate plus food item/s) to be measured, and this mass with the number of 
servings (reported by the recruit) was recorded. These recorded masses
14
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represented the actual portion size for each food item, from which serving size was 
determined by dividing the portion mass by the reported number of servings. 
Photographs and video filming were employed to provide a visual record of serving 
sizes, and the serving process, with particular reference to the time taken to serve 
foods in standard serving sizes.
2.2.4 Study protocol -  Part C
The aim of Part C was to evaluate the acceptability of the FRC in terms of its 
usability. Recruits completed a short questionnaire (Appendix C) addressing the 
usability of the FRC. In addition, the catering team were asked to provide feedback 
regarding the administration of the study within the Main Galley, and members of 
the CTCRM training team were also asked to comment on the possible impact on 
the training programme schedules.
2.2.5 Data analysis
From Part A, mean (± standard deviation, SD) serving sizes (i.e. masses) were 
determined from individual recruit data, and 95% confidence intervals were 
established. From Part B, data were initially checked for normality by evaluating 
skewness and kurtosis. The 95% confidence intervals were established on serving 
sizes for data collected from the FRC and the double-plate method respectively. 
Paired T-tests were used to test whether variables differed between the FRC and 
double-plating methods. Pearson Product Moment Correlation Coefficient was 
used to assess associations between the methods. Bland-Altman plots and limits of 
agreement (LoA) were performed to assess agreement between the FRC and 
double-plating dietary intake data (Bland and Altman, 1986). Significance value was 
accepted as P < 0.05. Data from Part C were evaluated to examine the usability of 
the FRC.
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2.3 Results
2.3.1 Part A: To determine the size o f RM standard servings
Serving Utensils
The volumes of the standard serving utensils used in the CTC Main Galley were 
measured to allow comparisons of serving sizes at other MOD establishments 
(Table 2.1). This detail would also allow comparison with published standard 
serving information, which is often reported as mass per tablespoon (where a 
standard tablespoon measure has a volume of 15 ml).
Table 2.1 Volumes of CTCRM serving utensils.
Utensil Volume (ml)
Ladle (7oz) 174.6
Serving Spoon 38.4
Plastic Spoon 6.4
Serving Masses
The mass per serving for each of the foods measured in Part A are presented in 
Table 2.2. It was noted that the variability in the data appeared disproportionately 
large considering that all recruits used the same standard serving utensil 
(coefficient of variation between 12% and 41%).
17
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Table 2.2 Serving sizes of a selection of foods served in the CTCRM main gallev.
Food Sample 
Size (n)
Serving
Utensil
Serve Mass 
MeaniSD 
(g)
Lower
Confidence
Limit
Upper
Confidence
Limit
Spaghetti 18 Tongs 131.4 ±53.8 106.6 156.3
Pasta 22 Serve spoon 74.8 ± 13.9 69.1 80.6
Pasta With Tomato 
& Cheese
25 Serve spoon 192.2 ±46.7 173.9 210.5
Boiled Rice 20 Serve spoon 110.9 ±16.4 103.7 118.1
Fried Rice 24 Serve spoon 119.9 ±23.1 110.7 129.2
Sticky Rice 24 Serve spoon 131.9 ±31.4 119.3 144.4
Roast Potatoes 21 Serve spoon 123.2 ±29.7 110.2 136.2
Mashed Potato 20 Serve spoon 180.3 ± 57.6 155.6 204.9
Mashed Carrot & 
Swede
22 Serve spoon 180.8 ±57.2 156.9 204.7
Chips 24 Scoop 173.4 ±52.6 152.4 194.5
Chicken al a King 21 Ladle (7oz) 283.1 ±39.6 266.2 300.0
Bolognaise 20 Ladle (7oz) 276.8 ±33.2 262.3 291.3
Chilli 22 Ladle (7oz) 275.8 ±59.9 250.8 300.8
Moroccan Lamb 22 Ladle (7oz) 280.4 ±64.1 253.6 307.2
Meatballs 25 Serve spoon 154.7 ± 19.4 147.1 162.3
Oriental Beef 25 Serve spoon 168.4 ±34.2 155.0 181.8
Green Beans 25 Serve spoon 92.5 ±24.2 83.0 102.0
/Table 2.2 Continued Overleaf
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Table 2.2 Serving sizes of a selection of foods served in the CTCRM main galley 
(continued).
Food Sample 
Size (n)
Serving Utensil Serve Mass 
Mean ±SD 
(g)
Lower
Confidence
Limit
Upper
Confidence
Limit
Carrots 22 Serve spoon 107.2 ± 39.0 90.9 123.5
Peas 22 Serve spoon 76.3 ± 11.9 71.3 81.3
Broccoli 22 Serve spoon 45.6 ± 17.9 38.1 53.1
Mixed Salad 23 Serve spoon 55.4 ± 14.3 49.6 61.3
Coleslaw 22 Serve spoon 101.6 ±31.1 88.6 114.5
Rice Krispies 18 Bowl 39.3 ±5.0 37.0 41.6
Milk on Cereal 16 Bowl 134.7 ± 18.2 125.8 143.6
Scrambled Egg 18 Serve spoon 183.8 ± 57.9 157.0 210.5
Tinned
Tomatoes
18 Serve spoon 107.1 ±28.2 94.0 120.1
Baked Beans 18 Serve spoon 101.9 ± 16.0 94.5 109.3
Sugar 9 Plastic spoon 7.7 ± 1.6 6.7 8.7
Rice Pudding 21 Ladle (7oz) 253 ± 19.9 244.5 261.5
Trifle 22 Serve spoon 172.3 ± 54.0 149.8 194.9
19
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2.3.2 Part B: Comparison of the Food Record Card (FRC) with the Double-Plate 
Method
Reporting food quantities on the FRC
The estimated mass of food consumed, as recorded using the FRC (i.e. food items 
recorded and their estimated portion size -  where estimated portion size was 
determined from the Part A serving sizes multiplied by the reported number of 
servings), was correlated with the actual mass of food consumed measured using 
the double-plate method (r = 0.84, p<0.05). However, the estimated mass of food 
consumed was higher (p<0.05) using Part A data with the FRC information than was 
directly measured in Part B from the double plate (calculated by dividing the mean 
total portion size weighed on the duplicate plate by the number of servings listed 
by a recruit on the FRC), where recruits served full meals (p<0.05) (Figure 2.5). The 
serving size (in terms of the mass of a food item) is fundamental to the subsequent 
determination of a recruit's portion size for that food item, and ultimately the 
nutritional analysis of a recruit's dietary intake. Thus, this observation warranted 
further investigation.
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Portion sizes
The portion sizes determined from the double-plate method are reported in Tables
2.3 relative to standard portion sizes (Food Standards Agency, 2002). There was 
variation between RM portions and standard portions, with portions of some foods 
being larger than standard size, others smaller, and without a consistent pattern 
across similar foods.
The validation of the FRC in terms of collecting accurate and reliable data needed to 
take into account this finding relating to Part A serving sizes and the consequences 
for over-estimating portion size. Derivation of serving sizes, using the intuitive 
approach as adopted in Part A, did not provide acceptable data in terms of 
accurately evaluating the mass of food consumed. The servings in Part A were 
served onto empty plates, whereas the servings in Part B formed part of a meal, 
with other foods already served onto the plate. This influenced the serving size, 
such that there were unacceptable differences between servings sizes in Part A and 
Part B. Consequently, a different approach was taken whereby serving size was 
determined from the actual portion mass (measured on the duplicate plate) divided 
by the number of servings (from the FRC), and this was incorporated into a 
modified evaluation of the FRC (i.e. FRC-B).
2 2
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Table 2.3 Portion sizes (double plate) vs. standard portions (Food Standards 
Agencv. 2002).
Sample
Size
Portion Data from the 
Double-Plate method (g)
Standard Portion 
Size (g)
Mean ±SD Lower Cl Upper Cl
Chips 13 186.6 ± 65.0 156.5 216.6 165
Tomato Pasta 4 238.2 ±85.1 163.6 312.8 220
Fried Rice 5 87.7 ± 23.7 64.5 110.9 180
Baked Beans 16 95.1 ±41.1 77.1 113.1 135
Coleslaw 6 82.7 ± 24.3 61.4 104.0 100
Green Salad 9 75.4 ±49.5 48.5 102.3 120
Pork Curry 7 239.7 ± 83.7 190.2 289.1 260
Boiled Rice 9 127.0 ±51.4 96.6 157.4 180
Roast Potato 15 133.7 ±48.7 109.9 157.6 200
Hoi Sin Beef 3 340.0 ± 44.8 300.8 379.3 260
Sweet Corn 7 88.9 ±37.9 62.6 115.1 85
Boiled Potato 5 119.8 ±18.1 107.3 132.4 180
Gravy 10 35.6 ±13.1 27.1 44.2 50
Leeks 6 73.3 ±25.3 53.0 93.5 75
Cabbage 10 59.9 ±20.5 47.2 72.6 95
Cheesy Broccoli 6 123.7 ±63.1 73.2 174.2 90
Sprouts 6 76.6 ±20.2 56.7 96.4 90
Spotted Dick 5 118.5 ± 12.8 108.3 128.8 110
Custard 10 100.7 ± 29.5 83.3 118.1 120
23
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Serving size data needed to be derived from plated meals which represented a 
recruit's habitual food selection and dietary intake. Due to the menu plan cycle of 
the CTCRM Main Galley and the self-selection of food items by recruits in Part B, 
data were not collated on the first visit for all food groups normally available at the 
servery during a 21-day menu cycle. Thus, further weighing of meals was 
undertaken to increase the range of food items and obtain data for directly 
measured portion size and the number of servings. This allowed a standard RM 
serve size to be determined, in the context of a plated meal, that would be applied 
in place of the Part A data with the FRC (i.e. FRC-B). Figure 2.6 presents the 
differences in portion sizes derived from the FRC incorporating serving sizes from 
Part A (FRC-A), and the portion sizes derived from the weighed duplicate plates in 
Part B (FRC-B), relative to the portion size determined from the double plate 
method (denoted as the zero line). The serving sizes to be applied in FRC-B 
determined from the plated meal data are reported in Table 2.4.
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Table 2.4 Serving sizes of RM recruits determined from recruit weighed food 
intake.
Food Serving Utensil Serve Mass (g) Sample Size Evidence
Chips Scoop 133 18.5 DP
Baked Beans Serve Spoon 70 20 DP
Boiled Rice Serve Spoon 89 26 S W&DP
Fried Rice Serve Spoon 88 5 DP
Plain Pasta Serve Spoon 75 20 Part A
Tomato Pasta Serve Spoon 187 5 DP (Part A wt=192g)
Spaghetti Tongs 131 20 Part A
Mashed Potato Serve Spoon 180 20 Part A
Roast Potato Serve Spoon 136 13 SW
Sloppy Dishes Ladle 352 7 Chilli (SW)
Sloppy Dishes Serve Spoon 173 26 Oriental beef (Part A) 
& Hoi sin beef (DP)
Composite Dishes Serve Spoon 202 16 Shepherds pie (SW)
Sweetcorn Serve Spoon 84 21 SW+DP
Leeks Serve Spoon 73 6 DP
Cheesy Broccoli Serve Spoon 123 7 DP
Sprouts Serve Spoon 88 5 DP
Cabbage Serve spoon 60 10 DP
Gravy Ladle 50* Standard portion
Coleslaw Serve Spoon 96 6 DP
Green Salad Serve Spoon 53 13 DP
Scrambled Egg Serve Spoon 184 20 Part A
Porridge Bowl 378 3 DP
Rice Krispies Bowl 39 20 DP
Milk On Cereal 135 20 DP
Jelly Serve Spoon 168 6 DP
Custard Ladle 120* Standard portion
Notes: DP -  Double Plating; SW -Servery Weighing
'■ Standard portion as DP mass probably an underestimate due to difficulty in separating 
gravy/custard from other foods.
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The serving size data from Table 2.4 were then re-applied to the FRC data in which 
recruits had detailed their food items selected and the number of servings of each 
item. The estimated mass of food consumed using the directly measured serving 
sizes derived from plated-meal selections (FRC-B), was strongly correlated with the 
mass of food consumed from the double-plate method (r = 0.87, p<0.05). This 
relationship is illustrated in Figure 2.7.
Scatterplot (FDCdata 10v*98c) 
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Figure 2.7 Correlation of FRC-B vs. duplicate plate method.
24-h Dietarv analvsis of recruits from Flunter Companv
The FRC (incorporating Part A serving sizes) overestimated actual dietary intake 
(assessed relative to the weighed food intake double-plating method) for energy 
and all nutrients -  except vitamin B12 and alcohol -  by a mean of 9.9 ± 4.4%; 
p<0.01). In comparison, when the serving sizes from Part B were applied to the FRC 
(i.e. FRC-B), the overestimation of the FRC was nearly halved to a mean value of 5.3 
± 2.4%. A comparison of the mean dietary intakes of the recruits, as derived from 
the weighed food intake (DP) and the FRC with Part B serving sizes is presented in 
Table 2.5. When the FRC is compared with the DP method, the FRC shows a 
consistent systematic bias for all nutrients, and that there are wide limits of
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agreement for each nutrient. A Bland-Altman plot for energy intake is presented in 
Figure 2.8; the systematic bias in the data was independent of energy intake. The 
only alcohol reported to be consumed during the study was by one recruit -  who 
drank 2 pints of beer -  the recording of which was the same in both dietary 
analyses. The overestimation in energy and nutrient intakes of the FRC relative to 
the weighed food intake was partly due to reporting errors on the FRC (see section 
2.3.3). Pearson correlations (r) between FRC-B and DP for energy and all nutrients 
were greater than 0.8 (P<0.05). When macronutrient (i.e. fat, protein and 
carbohydrate) intakes were expressed as a percentage of total energy intake, the 
proportions of the macronutrients determined from the weighed food intake or 
estimated from the FRC were similar (Table 2.6).
Table 2.5 Comparison of nutritional intake between Double-Plating (DP) and the 
Food Record Card (FRC-B) fn=18).
Units
DP Actual Nutrient 
Intake
FRC-B Estimated 
Nutrient Intake Bias (± 95% LoA)
Energy kJ 14664 ± 2975 15245 ± 3355 * 582 (± 1682)
Energy kcal 3498 ±709 3640 ± 800 * 143 (±415)
Fat g 138 ± 38 146 ± 42 9(± 34)
Protein g 131 ±32 139 ±40* 7 (±29)
Carbohydrate (CFIO) g 453 ± 114 462 ± 111 * 10 (± 34)
Non-Starch 
polysaccharide (NSP) g 25 ±9 27 ± 9 * 2 (±4)
Vitamin A Pg 891 ±435 979 ±466** 88 (± 250)
Vitamin B6 mg 4.4 ± 1.6 4.6 ±1.7** 0.2 (± 0.6)
Vitamin B12 iig 8.1 ±3.0 8.3 ±3.6 0.3 (± 1.9)
Folate mg 470 ± 233 505 ± 247 * 35 (± 111)
Vitamin C mg 205 ± 137 221 ±139 15 (± 62)
Vitamin D Hg 3.7 ±2.6 3.9 ±2.7 0.2 (±0.8)
Vitamin E mg 14.4 ± 7.4 15.7 ±7.5* 1.3 (±4.7)
Calcium mg 1211 ±434 1261 ±460* 49 (± 179)
Sodium mg 4765 ± 1278 4968 ±1363** 202 (± 554)
Iron mg 23.8 ±12.2 24.6 ±12.7** 0.8 (±3.1)
Zinc mg 17.5 ±7.1 18.7 ±9.4** 1.2 (± 6.9)
Notes: * denotes significance p<0.05; * *  denotes significance p<0.01, relative to DP nutrient 
intake.
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Figure 2.8 Bland-Altman plot of energy intake (kJ): FRC and DP.
Table 2.6 Macronutrient intake of Hunter Company RM recruits expressed as a 
percent of energy intake (n=18).
DP
Actual Nutrient Intake
FRC-B
Estimated Nutrient Intake
% of Total Energy
Fat 34.5 ±6.0 35.2 ±5.1
SFA 9.7 ±1.8 9.8 ±1.9
PUFA 7.3 ±2.8 7.7 ±2.7
MUFA 10.7 ±2.0 10.9 ±2.0
Protein 15.5 ±3.9 15.6 ±3.8
Carbohydrate 49.1 ±6.1 48.4 ±5.5
Sugar 21.5 ±7.0 20.9 ±6.2
Starch 25.6 ±4.5 25.5 ±4.7
Alcohol 0.6 ±2.5 0.5 ±2.3
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2.3.3 Part C: Acceptability o f the FRC in terms of its usabiiity 
Reporting accuracy of food items on the FRC
During the 24-h obseryation period of the study, during which 61 hot meals were 
reported, a total of 5 foods were not matched between the FRC and the duplicate 
plate (from the weighed food intake). This disparity equates to 1.9 % of the foods 
selected by the Hunter Company recruits at the seryery. At the completion of the 
four main meal times, leftoyers were not reported for 15 of the 61 meals seryed, 
which equates to a reporting error for leftoyers of 24.6 % of meals seryed. This 
particular reporting error was eyident in 10 recruits, who failed to report leftoyers 
for at least one meal. In terms of the implications for the analyses of the recruit 
dietary intakes, this equated to a disparity in the mean energy intake of 670 ± 493 
kJ (5 ± 3% of energy intake). With regards to recruits identifying foods correctly, 
and accurately recording indiyidual food items on the FRC, this was generally good 
with less than 2% of foods being incorrectly recorded relatiye to the duplicate plate. 
One example of incorrect reporting was where a recruit had recorded boiled 
potatoes on his FRC where the duplicate plate demonstrated that he had in reality 
selected roast potatoes. The functional importance of these reporting errors, in 
terms of their impact upon the dietary analyses of the recruits' nutritional intake, 
was negligible.
FRC efficacy questionnaire data
During the final main meal of the 24-h obseryation period, recruits completed the 
questionnaire addressing the usability of the FRC. All eighteen recruits who 
attended the final meal completed and returned the questionnaire. A summary of 
their responses are reported in Table 2.7.
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Table 2.7 Summary of the recruits' responses to the FRC utility questionnaire 
(n=18).
Question: Responses:
1. How well did you
understand the purpose of 
the study?
Very well 
39%
Quite well 
61%
Not well 
0%
How easy was it to serve 
foods in whole or half 
spoonfuls/scoops etc, as 
described in the briefing?
Very easy 
39%
Quite easy 
56%
Not easy 
6%
3. How much extra time did it 
take to serve your meal in 
whole or half 
spoonfuls/scoops etc, as 
described in the briefing?
No extra time 
39%
<30 seconds 
33%
>30 seconds 
28%
4. How well did the briefing 
help you to complete the 
Food Record Card (FRC)?
Very well 
67%
Quite well 
33%
Not well 
0%
5. How easy was it to record 
information about your 
meal on the FRC?
Very Easy 
61%
Quite Easy 
39%
Not Easy 
0%
How much time did it take 
to complete the FRC at the 
dining table?
No Extra Time
44%
(Did it while 
eating)
<1 Minute 
6%
>1 Minute 
50%
How easy was it to recall 
what you had eaten and 
drunk since your last meal 
in the Galley?
Very Easy 
61%
Quite Easy 
39%
Not Easy 
0%
How likely is it that you 
have forgotten to record 
some o f the items you have 
eaten or drunk since your 
last meal?
Certain
0%
Quite Likely 
6%
Not Likely At All 
94%
9. How could the process be 
improved to make it easier 
for recruits to record what 
they eat and drink?
Of the 6 comments reported by the recruits, all were positive 
about the process and none offered further suggestions on 
how it could be improved. Recruits liked completing the form 
in the main galley rather than keeping a personal food diary 
on their person for 4 days.
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2.4 Discussion
The aim of this study was to validate a bespoke Food Record Card (FRC) as a method 
of recording dietary intake in RM recruits. To be valid the FRC needed to provide an 
accurate method of reporting the actual food items consumed (i.e. in terms of food 
descriptions) and the respective quantities (i.e. masses). The FRC must also be 
quick and easy to be completed by busy recruits within the high tempo feeding 
environment of the CTCRM Main Galley.
2.4.1 Serving sizes
The aim of the first part of this study was to determine the average size of RM 
standard servings for food items provided in the CTCRM Main Galley (Part A). 
There was variability in RM servings between recruits for the same food items, 
which appeared disproportionately high considering the same respective serving 
utensil was used for each food item by all recruits. The degree of variability made it 
problematic to apply these data from Part A in determining standard RM servings. 
The source of variability appeared to arise from the requirement to place a single 
item of food on an empty plate; when recruits were required to serve a 'meal' 
during Part B of this study, this variability was substantially reduced. Thus, it would 
be more appropriate, to determine standard RM serving sizes from Part B of the 
study where food items (and their respective quantities) are placed on the plate in 
the context of a meal. Furthermore, the serving sizes determined from Part A 
(single serving) were larger than the serving sizes determined from Part B (serving 
as part of a meal). This suggests that when recruits serve food as part of a meal, 
the amount placed on the serving utensil is less than when a spoonful, ladleful, etc. 
is served onto an empty plate. In the context of RM recruit feeding at CTCRM, 
recruits would endeavour to maximise the amount of food that is placed on the 
plate during their visit to the servery; this is a definite art that is made easier if the 
spoon or ladle is not full to capacity.
The quantities of foods served were further analysed in Part B of the present study. 
When serving size data from Part A was applied to the FRC information on food
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item details and number of servings, the FRC overestimated the dietary intake of 
recruits. The majority of the discrepancy between the weighed food intake and the 
FRC was sourced to the Part A serving sizes. Serving sizes were then directly 
determined from the 'meals' chosen by the recruits (Part B); this intuitively would 
be more valid as each serving is made in the context of constructing a meal. As the 
composition of all meals measured during Part B were self-selected by the recruits, 
a number of additional weighings had to be made to ensure adequate sample sizes 
for the range of food items provided by the CTCRM Main Galley. When serving size 
data from Part B was applied to the FRC information on food item details and 
number of servings (FRC-B), the mean overestimation in serving mass was reduced 
by nearly a half (9.9% ± 4.4% for FRC-A vs. 5.3% ± 2.4% for FRC-B).
2.4.2 FRC validation 
Methods of validation
To assess the validity of any dietary assessment approach, ideally the derived 
dietary data would be compared with one or more objective measures 
(Rutishauser, 2005). One such objective measure would be to compare energy 
intake with energy expenditure (where body mass remains stable over the 
observation period). In RM recruits, a review of the physical demands of the recruit 
training programme yielded an estimated energy expenditure of 4200 kcal.day"^ 
(Institute of Naval Medicine, 1981). A related study of dietary intake in RM recruits, 
employing the double-plating method, estimated an energy intake of between 4100 
and 4400 kcal.day'^ (Alexander et al., 1991). These previous studies evaluated the 
energy balance of recruits in mainstream training and were of value in assessing the 
validity of the FRC when used with this population (Chapter 3). The lack of daily 
energy expenditure data for Hunter Company recruits precludes the use of this 
comparison in this instance. However, the mean energy intake estimated from data 
collated during the present study of 3500 kcal.day'^ appears to be appropriate to 
support the reduced levels of physical activity undertaken by injured recruits in 
Hunter Company.
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Dietary assessment methods tend to underestimate energy intakes when validated 
against the double labelled water method for estimating energy expenditure by a 
mean ratio of 0.86 (Livingstone and Black, 2003). There are few studies reported in 
the scientific literature which have applied the duplicate portions (double plating) 
approach as the reference method (Johansson et al., 1998); this is largely due to 
logistical and expense considerations. Concern has been expressed that the 
burden, in terms of meal preparation, of the duplicate portion method may reduce 
dietary intake during the study period in the free-living population (Kim et al., 
1984). However, this was not deemed to be an issue in the military setting where 
study participants had no involvement with the food preparation. The mean ratio 
of the FRC-derived nutrient data relative to the duplicate portion data was 1.04, 
indicating a marginal overestimation of the FRC compared with the reference 
method. Changes in dietary habits and a tendency to under-report are cited as the 
two main causes of low reported dietary intake (Beaton, 1994). However, these 
factors do not appear to be of relevance in the occupational setting of CTCRM and 
the pressured environment of RM training.
The use of both correlations and paired t-tests in isolation for the statistical analysis 
of validation studies have been criticised as these statistical approaches do not 
provide a full picture of the relationship between two methods. Correlation 
assesses the association between two variables, but not the actual agreement of 
the values (Atkinson and N evil I, 1998), hence it is insensitive to systematic bias. 
However, correlation is still widely used in the validation of dietary assessment 
methods (Brunner et al., 2001; Jackson et al., 2011) with values of great than 0.5 for 
foods proposed as acceptable in the validation of Food Frequency Questionnaires 
(FFQs) (Brunner et al., 2001). In the present study the correlation coefficient (r) 
between the FRC-B and the double-plating method was greater than 0.8 for all 
nutrients, suggesting a strong relationship between the methods. Conversely, T- 
tests are insensitive to random error, and only detect systematic bias (Atkinson and 
Nevill, 1998). The significant differences between FRC-B and DP indicate systematic 
bias for the majority of nutrients (Table 2.5). The inclusion of Bland-Altman plots
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and limits of agreement (LoA) in validation analyses provide information on both 
the systematic bias (mean and SD of the differences between the two methods), 
and random error (LoA) (mean ± 2SD of the difference) (Bland and Altman, 1986). 
In the present study, the limits of agreement were wide, but consistent with other 
dietary assessment validation studies where this technique has been employed 
(Comrie et al., 2009; Jackson et al., 2011). Only one data point lay outside the LoA 
for energy intake (Figure 2.8), further indicating good agreement between 
methods.
Sources of error
The actual dietary intakes of recruits were determined from the difference between 
the mass of foods served and the mass of leftovers remaining on a plate at the end 
of a recruit's meal. It was therefore essential that meal leftovers were accurately 
recorded on the FRC by recruits -  in terms of correct identification of food items 
and estimated quantities relative to approximate serving sizes (e.g. table spoon, 
desert spoon, teaspoon, etc.) -  as this would significantly impact upon the 
subsequent calculated dietary analyses. Leftovers were not recorded on the FRC 
for 25% of meals taken by recruits during the 24-h observation period. However, 
the nutritional value (in terms of macro- and micro-nutrient content) of the 
leftovers was, in the main, relatively low. In the worst case, a failure to record meal 
leftovers resulted in an overestimation of the 24-h energy intake of 5%. Of interest, 
those recruits who failed to record leftovers on the FRC also tended to misclassify 
foods. These issues relating to the less than optimal completion of the FRC may 
arise from either a limited understanding on the part of recruits in terms of what 
was required, or might be considered to reflect the recruits' motivation to 
undertake the task. From the general approach of recruits to the study, it was felt 
that poor motivation was not a key contributor. As such, improved accuracy in the 
FRC might be achieved by improving the instruction provided in the recruits' 
briefing at the start of the study -  and specifically to emphasise the required level 
of detail in the dietary reporting to ensure meaningful outcome data.
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Reporting accuracy
With reference to the identification of food items and recording accuracy on the 
FRC by recruits, the correct description of foods selected was good with only 2% of 
foods in the duplicate portion being incorrectly recorded. During this validation 
study, the FRC was prepared in advance of each mealtime based on the previously 
published menu plans provided by the catering team. It was envisaged that 
reducing the burden on the recruits by providing meal-specific detail on the FRC, 
listing all foods to be served during that meal time, would promote recruit 
compliance and reporting accuracy. However, the advance menu plans did not 
always match with the food items provided at the servery due to supply and 
operational issues. Thus, changes to the hot-plate provision at short notice meant 
that it was not possible to tailor the FRC specifically to the detail provided in a pre­
planned menu cycle. A more generic form of the FRC for each of the four main 
meals -  where recruits list actual foods selected in response to appropriate 
prompts -  needed to be provided. Nevertheless, it would be possible to list a 
number of food items routinely provided at all main meals on these generic FRCs, 
which in turn should maintain compliance. An example of a generic FRC is 
presented in Appendix D.
2.4.3 Portion sizes
The use of standard portion sizes (Food Standards Agency, 2002) to define 
quantities of foods consumed was shown not to be appropriate for these research 
volunteers in a military environment. Whilst there were some foods where RM 
recruit portion sizes were consistent with standard portion sizes for the general 
population, this was not true for all foods such that this approach would hold the 
potential for substantial inaccuracies in the derived energy and nutrient intakes. 
For the majority of foods, the standard portion (as defined by the Food Standards 
Agency) was larger than that determined from the RM recruits in the present study. 
This may be due to a number of factors. First, total food volume served was limited 
by the MOD standard plate size. Second, the number of different foods provided at 
the servery often results in a recruit selecting smaller portions of a greater number
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of foods -  rather than large portions of a few -  as would normally be the case in the 
home environment. The measured variation in portion sizes observed in the 
present study were similar to those reported previously in the nutritional science 
literature (Lambert et al., 2005). In this study, the authors evaluated the application 
of smart card technology in recording eating habits of children in a school canteen. 
Twenty portions of 80 foods were weighed to assess variation in portion sizes.
2.4.4 Recruit questionnaire
Evidence from the FRC in comparison with the double plating method, and from 
observations reported in the utility questionnaire, supported that food and drink 
consumed between the four main meals was well reported. All participants found 
it '...quite easy' or '...very easy" to recall their dietary habits between main meals, 
and 94% of recruits stated that it was '...not at all likelÿ that they had forgotten to 
record snack foods. The one area of confusion in terms of snack reporting on the 
FRC arose from the inclusion of a 'Galley' option on the list of possible food outlets. 
This resulted in some recruits duplicating their reporting of their main meal choices 
in two sections of the FRC. This issue has been addressed in the modified FRC 
presented in Appendix D.
Whilst the findings from the FRC and the questionnaire indicated that the FRC 
appeared to accurately record actual intake, as with most dietary assessment tools, 
what is required for the research programme reported in this thesis is a measure of 
habitual intake (Rutishauser, 2005). The practice of recording food intake may 
result in different food choices being made than would normally be chosen, and 
thus the record is not a true reflection of habitual intake. Whilst this question was 
not posed to recruits in the present study, the recruits' approach to the data 
collection and their feedback provided in the utility questionnaire would support 
that the application of this measurement tool should not adversely impact on the 
food choices of RM recruits, and as such should not alter their habitual diet.
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Further analysis of the utility questionnaire supported that the FRC was generally 
well received in terms of its utility for recording the recruits' nutritional intake 
during'in camp'feeding.
At the serverv
Seven out of 18 recruits (39%) reported that serving food in whole or half spoonfuls 
had taken '...no extra time at all'. Five recruits (28%) reported that it had added 
more than 30 s to the time taken to serve their meal, and one recruit reported not 
finding it easy to serve foods in full or half spoons. Possibly the research approach 
adopted in this validation study, where both validation of the FRC and the usability 
of the FRC were being co-investigated, may have impaired the recruits' learning of 
the FRC self-report task. As recruits become more accustomed to the method, it is 
likely that any extra time required to undertake the task would be reduced and 
recruit reporting should become more accurate and reliable.
At the dining table
No recruits reported any difficulties in recording information about their meal on 
the FRC, and only one recruit took longer than one minute to complete the form. 
Increased familiarity with the FRC should reduce the time taken to report the 
required information to the appropriate level of detail. It was anticipated that the 
majority of recruits would complete the FRC whilst eating their meal; evidence from 
the utility questionnaire would support that this was indeed the case.
Recruit suggestions on improving the FRC
The recruits' comments were generally very positive with regards to the FRC. There 
were very few further suggestions from participating recruits, RM and contract 
catering personnel, or from RM training personnel with reference to improving the 
approach to dietary data collection. Thus, the FRC represents a dietary intake 
reporting method that would have the least impact on recruits participating in RM 
training at CTCRM.
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2.4.5 Utility o f the FRC fo r assessing nutritional intake in RM recruits
The 24-hour dietary analyses of the Hunter Company recruits provided an insight 
into the dietary habits of this recruit group. However, multiple days of dietary 
intake data should be collected for investigating relationships between dietary 
intake and indicators of health (Buzzard, 1998), with a minimum of 3 days 
suggested for the assessment of energy and macronutrient intakes (Basiotis et al., 
1987). These observation periods should include a weekend day as intake patterns 
are often markedly different relative to the rest of the week (Thompson et al., 
1986). This is pertinent to RM recruits whose food and drink intake whilst ashore 
(off site) is likely to be very different to that whilst on base, and this should be 
taken into account when identifying the specific period over which dietary data wiil 
be coliected. Compliance may decline when data collection lasts longer than 3 to 4 
days (Gersovitz et al., 1978), so a compromise between the ideal and what is 
realistic must be achieved. A survey on dietary intakes of athletes has revealed a 3 
or 4 day food record to be the most widely utilised method of data collection in this 
active population (Burke et al., 2001). This time frame was deemed realistic for the 
military setting, and was employed during the study reported in Chapter 3, which 
investigated the associations between nutritional intake and training performance.
2.4.6 Strengths and limitations
This study validated the use of the FRC method, as a bespoke approach to the 
collection of dietary intake data during military training. This allowed for a high 
degree of confidence within the main study into recruits' dietary intake during 
training (Chapter 3). A limitation of this validation study was the small sample 
numbers for servings of some of the food groups. As with most studies 
investigating dietary intake, there was a degree of variability within portion sizes. 
However, self-reported energy intake (using the FRC) was consistent with expected 
energy intake from previous data, which gave further assurance that the FRC 
method was valid for use with RM recruits.
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2.4.7 Conclusions
In conclusion, the FRC provides a quick and easy method for recruits to record their 
dietary intake that has minimal impact upon their time. The accuracy of the FRC in 
recording quantities of foods consumed is consistent with other approaches to 
collecting dietary data. The accuracy can be optimised through a thorough brief, 
with attention to serving sizes and the recording of leftovers. The FRC method is 
thus suitable for use in the assessment of individual RM recruit dietary intake, with 
a 4-day data collection, to include one weekend day, identified as the most 
appropriate time frame.
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Chapter 3
Dietary intake during RM training: Associations with stress 
fracture risk and training outcome.
3.1 Introduction
Dietary intake may be regarded, alongside physical and mental criteria, as a 
modifiable variable in RM training such that optimising dietary intake (and selection 
criteria) would potentially improve training success and reduce injury risk, including 
risk of stress fracture. The aim of this chapter was to evaluate the influence of 
dietary intake during RM training -  assessed with the FRC -  on training success and 
risk of stress fracture.
3.1.1 Dietary intake during RM training
Dietary intake during RM training was initially investigated some 20 years ago, 
when the question was raised about the nutritional adequacy of the catering 
provision at CTCRM in relation to the requirements of RM training (Alexander et al., 
1991; Allsopp et al., 1991a). An evaluation of recruit training had previously 
estimated the energy requirement across the syllabus to be of the order of 4200 
kcal.day \  excluding the day of the 30-miler (Institute of Naval Medicine, 1981). 
Furthermore, in a study where body mass and body compositional measures were 
undertaken, recruits were deemed to be in energy balance with an intake of 
between 4000 and 4300 kcal.day'^ (Allsopp et al., 1991b). In the initial study on 
dietary intake (Alexander et al., 1991), it was found that recruits' energy intake 
from meals in the Main Galley was between 2530 and 2780 kcal.day'^. Recruits 
were self-supplementing their diet by purchasing extra snacks to provide an 
average additional intake of between 1330 and 1830 kcal.day'^ in order to meet 
their energy needs (Alexander et al., 1991). This finding resulted in the introduction 
of the fourth meal to provide an additional feeding opportunity at the Main Galley. 
A follow-up study evaluated the effect of this additional meal on the nutritional 
intake of recruits (Allsopp et al., 1991a). This work estimated that recruit energy
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intake was 3811 kcal.day'^ from the four meals taken in the Main Galley, an 
increase of over 1000 kcal.day'^ when compared to the intake from the Main Galley 
prior to the introduction of the fourth meal.
Since the introduction of the fourth meal, recruit training has undergone many 
changes, most notably the remodelling of the first 12 weeks to improve physical 
training progression (Fallowfield et al., 1998). However, the ultimate physical 
challenge of the Commando Tests remains unchanged. Thus, the overall training 
package must be sufficiently demanding to present recruits at week 31 in a state of 
physical and mental robustness, capable of successfully completing the tests.
Military training -  and particularly arduous RM recruit training -  places significant 
nutritional demands on an individual, which are distinct to those of the competitive 
athletic population. These include long working days encompassing a full physical 
and professional training schedule, scheduled feeding opportunities (often with 
restricted time during the working day), and standardised meal provision. Thus, the 
challenge of matching nutritional requirements with dietary intake in this 
occupational population is a complex one, where a better understanding of the 
potential influence of dietary intake on military training performance would provide 
an evidence base to support the nutritional requirements of RM training.
3.1.2 Nutrition and physicai performance
It is widely accepted that nutrition has a vital role to play in physical performance 
and recovery (American College of Sports Medicine, 2009; Fallowfield and Williams, 
1993; Maughan et al., 1997). The energy intake of individuals routinely undertaking 
physical exercise, should match the additional energy expenditure associated with 
activity in order to replenish energy stores, promote recovery and, over longer 
periods of time, physiologically adapt and maintain body mass (Coyle, 1991; Tipton 
and Wolfe, 2004; Westerterp, 2010). However, a diet that contains sufficient 
energy may not provide the optimum balance of nutrients to maximise 
performance.
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Carbohydrate (CHO), fat and protein can all be metabolised by the body to fuel 
exercise, with fat and CHO the most important substrates (Hargreaves, 2010). The 
proportion of CHO utilised to fuel exercise is dependent on the intensity of exercise 
and on the availability of CHO (Arkinstall et al., 2004; Coyle et al., 1997). High- 
intensity exercise utilises primarily CHO as an energy substrate, whereas lower 
intensity work utilises proportionately more fat as an energy source (Coyle et al., 
1997). However, CHO availability is a limiting factor in endurance exercise (Coggan 
and Coyle, 1991), with a high-CHO diet associated with increased ability to sustain 
performance (Tsintzas et al., 1996), and improved recovery from exercise 
(American College of Sports Medicine, 2009; Fallowfield and Williams, 1993).
Net protein balance has been defined as muscle protein synthesis minus muscle 
protein breakdown (Burd et al., 2009). The largely protein composition of muscle 
led to the misconception that a high-protein diet is required for muscle growth and 
repair in response to a training stimulus (i.e. a positive protein balance). There is 
some evidence to support an increased protein requirement in highly physically 
active individuals. First, increased protein synthesis has been shown to occur 
following both endurance and resistance exercise (Miller et al., 2003; Tipton et al., 
1996). Second, there is increased amino acid oxidation during endurance exercise 
(Bowtell et al., 2000), particularly with respect to the branched-chain amino acids 
(leucine, isoleucine and valine) (Wolfe et al., 1982). Interestingly, trained athletes 
experience a much smaller increase in amino acid oxidation in response to exercise 
(McKenzie et al., 2000), and it has therefore been suggested that highly trained 
individuals may have a lower dietary protein requirement than individuals who 
have recently commenced a resistance training programme (Tarnopolsky, 2010). 
However, consumption of dietary protein in excess of requirements will not 
improve protein balance, and the amino acids will be oxidised for energy (Bowtell 
et al., 1998). Protein requirements are affected by the type, duration and intensity 
of exercise, as well as energy and CHO availability (American College of Sports 
Medicine, 2009; Tarnopolsky, 2010). Both dietary CHO and energy intake have
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been shown to have positive effects on protein balance (Krempf et al., 1993). Thus 
the general diet, training status and exercise programme need to be evaluated 
when considering the adequacy of dietary protein.
Micronutrients are dietary components required in relatively small amounts, but 
are vital components of body systems and therefore essential dietary components 
for general health, and physical performance (Lukaski, 2004). Vitamins and 
minerals are crucial for immune function, red blood cell formation, energy 
production, bone health, tissue synthesis and repair, and prevention of oxidative 
damage (Fogelholm, 2010; Garrow et al., 2000; Lukaski, 2004) (Table 3.1). High 
levels of physical activity may increase the requirements for certain vitamins and 
minerals (e.g. B vitamins) due to their involvement in metabolic processes (Woolf 
and Manore, 2006), and/or increased losses associated with high physical activity 
(e.g. zinc and magnesium in sweat)(Montain et al., 2007). Higher energy intake 
associated with the additional energy expenditure of physical activity would result 
in concurrent increases in micronutrient intakes (if food choices remained 
unchanged) that may potentially meet any additional micronutrient requirement. 
Low energy intake and/or poor dietary choices are potential causes for 
micronutrient deficiencies (Lukaski, 2004; Woolf and Manore, 2006). Studies into 
the micronutrient requirements of athletes have been limited by poor design and 
the difficulties of assessing micronutrient status (Fogelholm, 2010; Lukaski, 2004), 
such that the optimum level of nutrient intakes for highly physically active 
individuals is not fully known.
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Chapters
3.1.3 Military Dietary Reference Values
The MOD recognised that the unique physical demands placed upon Armed Forces 
personnel undertaking their occupational role meant that they should be classified 
as a sub-group of the general population, and commissioned the development of 
Military Dietary Reference Values (MDRVs) (Casey, 2008). These guidelines are 
divided into two categories: training/operational; and non-training/non- 
operational. Whilst the latter are largely based on the Reference Nutrient Intakes 
(RNIs) for the general population (Committee on Medical Aspects of Food Policy, 
1991), the former draw on recommendations for athletes (American College of 
Sports Medicine, 2000) and United States (US) military nutritional guidelines (US 
departments of the Army Navy and Air Force, 2001). The purpose of the MDRVs is 
that they should be used to inform provision both in camp (training establishments 
and UK military bases) and on operations (rations packs and catering 
provision)(Casey, 2008). However, the MDRVs have yet to be validated for the UK 
military, and lack substantive supporting evidence, particularly for certain nutrients 
such as sodium.
3.1.4 Training success and injury in RM recruits
Several risk factors for injury during military training have been identified, including 
low previous activity level; poor aerobic fitness on entry; smoking; younger (<18 y) 
and older age; high body fat; and very low or high BMI (Blacker et al., 2008; Jones et 
al., 1993; Reynolds et al., 1994). Failure to complete training at CTCRM may be for 
a number of reasons, including voluntary withdrawal (by the recruit) from training, 
professional shortcomings or injury. The 'Risk Zone Model', developed some ten 
years ago, lead to the identification of physical factors linked to failure to complete 
RM training (Pethybridge et al., 2000; Pullinger et al., 2001). Specifically, these 
were low body mass, poor aerobic fitness and under 18 y of age at the Start of 
Training. The nature of RM training results in a relatively high incidence of 
musculoskeletal overuse injuries (prevalence 30%) including stress fractures 
(prevalence 4-8%) (Gemmell, 2002; Ross and Allsopp, 2002).
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3.1.5 Risk factors fo r stress fracture
The literature from military studies present a variety of physical characteristics 
linked to stress fracture risk in recruits. Greater aerobic fitness is reported as 
associated with lower risk of fracture (Beck et al., 2000; Valimaki et al., 2005). 
Additionally, prior participation in impact sports (Armstrong et al., 2004) or ball 
sports (Finestone et al., 2011) have been identified as factors associated with a 
reduction in stress fracture risk. Conversely, a history of smoking and a small thigh 
girth appear to be associated with an increased stress fracture risk in military 
recruits (Armstrong et al., 2004; Beck et al., 2000; Lappe et al., 2001). The 
association of bone mineral density (BMD) to stress fracture risk is less clear, with 
some studies finding reduced BMD in stress fractured individuals compared with 
controls (Myburgh et al., 1990; Valimaki et al., 2005) and others reporting no 
association (Cline et al., 1998; Rouilles et al., 1989).
Although nutritional intake (particularly calcium) is established as an important 
factor in BMD (Heaney, 2000)(see Chapter 5 for more detailed discussion), the 
association between diet and stress fracture risk is less clear. A study in athletes 
reported that habitual calcium intake was greater in stress fractured athletes versus 
controls (matched for age, sex, height, weight and training status (Myburgh et al., 
1990), however the authors failed to adjust for energy intake. In female cross­
country runners, the higher consumption of dairy products, and energy-adjusted 
calcium intake were associated with reduced fracture risk (Nieves et al., 2010). In 
contrast, no differences in current calcium intake were observed between stress- 
fractured male and female army recruits and their matched controls (Chatzipapas 
et al., 2008; Lappe et al., 2001). Weight loss during training was associated with 
increased risk of fracture in a small study on army recruits during the eight week 
training programme (Armstrong et al., 2004) (where the initial BMI of eighteen 
male recruits who went on to suffer a stress fracture was 23.8 ± 0.5 kg.m'^).
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3.1.6 Aims and hypotheses
The aim of the study reported in this chapter was to evaluate the relationships 
between dietary intake during RM training and training performance and risk of 
stress fracture. Thus, this chapter addressed the following research questions:
a. Is the energy intake of recruits undertaking arduous physical military 
training adequate to meet the daily energy demands?
b. Is the macro- and micronutrient content of a recruits' diet adequate to 
maintain health (in relation to published Dietary Reference Values 
[DRV]) and to meet the demands of military training?
c. Is there a relationship between dietary intake during RM training and 
training success?
d. Is there a relationship between the incidence of stress fracture, body 
composition and nutritional intake in recruits?
Hvpotheses
^Hi: Nutritional intake (as determined from the FRC) will be related to 
stress fracture risk
^Hi: Physical characteristics and physical fitness will be related to stress 
fracture risk
^Hi: Nutritional intake (as determined from the FRC) wili be related to 
training outcome.
^Hi: Physical characteristics and physical fitness will be related to training 
outcome.
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3.2 Methods
3.2.1 Research Participants
A cohort of n=551 new-entry RM recruits (from eleven Troops, 951 - 961 inclusive), 
aged 16 -  32 years at the Start o f Training, were invited to participate. Six recruits 
opted not to participate in the study; n=545 recruits volunteered to participate. 
This starting sample size was determined from a consideration of previous studies 
in the scientific literature examining nutritional adequacy and nutrient content of 
habitual diets (Hoare et al., 2004), and the stress fracture prevalence in RM recruits 
of 4% (Ross and Allsopp, 2002). It was based upon a prevailing first time pass rate 
from RM recruit training of the order of 50%, such that a final {End of Training) 
study sample size of n=250 would be achieved. All recruits had successfully 
completed the physical and professional selection tests comprising the Potential 
Royai Marine Course (PRMC), and were deemed medically fit and healthy for 
training following medical screening at the Armed Forces Careers Office (AFCO), 
and again at CTCRM if required. Recruits were excluded from the study if the IMG 
or the training team deemed them unsuitable; there were no exclusions at the start 
of training based on these criteria.
Recruits were provided with a brief on the project during week-1 of training, which 
included a full description of the study, the measures to be taken, and any possible 
risks and discomforts associated with participation. It was explained that 
participation in the study was voluntary, and that non-participation would not 
adversely impact upon a recruit's training outcome. There was also an opportunity 
for recruits to ask questions, either in the group or in private, of the study team 
and/or the IMG. Written informed consent was obtained from all volunteer 
recruits before data collection commenced in week-2 of training. Ethical approval 
for this study was obtained from MGDREC (Appendix E).
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3.2.2 Procedures
Recruits who were initially passed medically and physically fit to undertake RM 
training, and who continued to consent to participate in the study undertook three 
assessment sessions at the Start, Middle and End of Training. Each session was 
comprised of three parts: an anthropometric assessment; a 4-day dietary 
assessment; and a physiological (fitness) assessment. In addition, data describing 
recruits' injury prevalence were individually recorded on completion of training, or 
when the recruit left RM training.
The first troop (951 Troop) participating in the study commenced training in 
September 2007, with subsequent troops joining CTCRM at fortnightly intervals 
until February 2008 (961 troop). 951 Troop completed training in May 2008, with 
961 troop completing training in November 2008. Due to significant numbers of 
recruits having been back-trooped or injured, data collection on study participants 
continued at the End of Training up to and including those who passed out with 965 
troop in December 2008. Recruits still in training at CTCRM after this date 
continued to be tracked until February 2010, 55 weeks after the last study troop 
had completed training. Recruits were tracked through training using the Training 
Administration Financial Management Information System (TAFMIS) at CTCRM.
Anthropometric assessment
a. Body Mass: Recruits were weighed in shorts and t-shirt to the nearest 0.1 kg 
(Seca, Hamburg, Germany).
b. Height: Recruits removed their shoes/boots before standing on the 
stadiometer (Invicta, Leicester, England) with feet together. Feet, buttocks and 
scapulae were in contact with the back of the stadiometer, and the recruit was 
instructed to look directly ahead. Height was measured to the nearest 0.1 cm.
c. Skinfoids: Skinfolds were measured at eight sites (i.e. bicep, tricep, sub­
scapular, supraspinale, iliac crest, abdomen, thigh and calf) with Harpenden 
callipers (BodyCare UK). Measurements were made to the nearest millimetre (mm) 
and the mean of two measurements was taken from each site. If the difference
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between the two measurements was greater than 5 mm, a third measurement was 
taken, and the mean calculated for the two closest measurements. Estimated 
percentage body fat was derived from the sum of four skin-folds) (Durnin and 
Womersley, 1974).
d. Body Girths: Girths were measured at the upper-arm, chest, waist, hips, 
thigh and calf using a Lufkin metal tape (Rabone Chesterman, England). These 
measurements, in combination with the skinfold measurements, were used in the 
estimation of whole body changes in lean body mass and fat mass. The 
circumference of each site was measured to the nearest mm, using the techniques 
described in the Anthropometric Standardisation Reference Manuai (Lohman et al., 
1988).
Phvsical fitness assessment
The physical fitness assessment was undertaken in association with the CTCRM 
Physical Training (PT) Branch. The physical tests were integral components of the 
recruit training programme. As such, the investigators monitored test 
administration to confirm that measurement controls were observed and that 
procedures were standardised, and subsequently collated the test data of those 
recruits consenting to participate in the study for analysis. The fitness test battery 
was comprised of the Royai Marine Fitness Assessment (RMFA). The RMFA was 
undertaken at week-2 and week-9, and comprised four component parts including 
the Multistage Fitness Test (MSFT) (Brewer et al., 1988), press-ups, sit-ups, and 
pull-ups. The MSFT was employed to estimate maximum oxygen uptake (VOzmax) 
(Leger and Lambert, 1982), where maximum oxygen uptake has been identified as a 
component part of RM specific fitness (Fallowfield et al., 1998). The MSFT is a 
progressive 20 m shuttle running test, conducted in the gymnasium at CTCRM. Sit- 
ups, press-ups, and pull-ups were performed in accordance with the standard RM 
techniques and in accordance with CTCRM PT ISPECs. Each set of exercises was 
performed in time to a standardised audio signal (i.e. bleep); a maximum score for 
each exercise was preset at counts of 60 press-ups, 85 sit-ups and 16 pull-ups. The 
RMFA was administered by Physical Training Instructors (PTIs) from the CTCRM PT
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Department in accordance with CTCRM PT Instructional Specifications (ISPECs). The 
MSFT was also undertaken at week-15 and week-32.
Dietary assessment
The dietary intake of recruits was recorded using the FRC, validated in Chapter 2 of 
this thesis, over four days. The programming of this assessment was determined in 
consultation with the catering and training staff of CTC, to ensure that the four days 
were representative of the normal dietary opportunity at that stage of training, and 
that the requirements of undertaking the dietary assessment could be 
accommodated without adversely impacting upon the training experience of 
recruits. However, the time constraints on recruits undertaking RM training did 
impact upon the dietary data collection, and it was therefore not always possible to 
collect complete sets of data (i.e. four FRCs per day per recruit recording dietary 
intake for breakfast, lunch, tea and the fourth meal) over the four day data 
collection windows for all recruits. As such, it was important to apply criteria to 
inform inclusion and exclusion of recruit dietary days from the overall analysis to 
safeguard the quality and representation of the data. Thus, a recruit's dietary day 
was not reported if less than three FRCs (meals) were collected from a recruit for 
that day; a meal report was included if a recruit had submitted a FRC indicating that 
they did not have time -  or felt unable, for example, due to illness -  to eat at that 
meal time. Energy Intake to Basal Metabolic Rate (EliBMR) was calculated to 
provide an indicator of under-reporting of energy intake, with BMR calculated using 
the Schofield equations (Schofield, 1985).
Nutritional analysis
The dietary intake data from the FRCs were analysed to determine the total energy 
intake, as well as the macro- and micronutrient content of the recruits' diets using a 
nutritional analysis package (WinDiets 2005, Aberdeen, Scotland, UK). The 
adequacy of nutritional intake was assessed both in relation to Reference Nutrient 
intakes (RNIs) for the general population (Committee on Medical Aspects of Food 
Policy, 1991; Scientific Advisory Committee on Nutrition, 2003) and MDRVs (Casey,
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2008).
Self-reported supplement usage during RM training
During the initial anthropometry measurement sessions, recruits completed a 
Health History Questionnaire (HHQ) (Appendix F), detailing pre-joining health status 
and injury incidence. At all anthropometry measurement sessions (weeks 1, 15 and 
32), recruits recorded details of their smoking habit and dietary supplement usage 
on a questionnaire (Appendix G). Data were recorded for those dietary 
supplements where a recruit had indicated that the frequency of supplement usage 
was higher than once per week.
Iniurvdata
The medical information was accessed from the Egton Management information 
System (EMIS), and later in the study from the Defence Medical Information 
Capabiiity Programme (DMICP) in the CTCRM Medical Centre. Stress fracture 
diagnosis was made from plain film radiograph, or magnetic resonance imaging 
(MRI), in accordance with CTCRM Clinical Guideline No.8 (Appendix H).
3.2.3 Data Analysis
Descriptive statistics were determined for the anthropometric and nutrition data. 
Data were checked for normality using the Kolmogorov-Smirnov test. Differences 
over time in training were explored using one-way Repeated Measures ANOVA for 
the parametric data (anthropometry), and the Friedman Test for non-parametric 
data (nutritional data). The Mann-Whitney Test (non-parametric) or an 
Independent-Sample T-Test (parametric) was used to test for differences in 
dependent variables (anthropometry and nutrition) in relation to outcome 
measures (i.e. injury and training outcome). Chi-squared was used to investigate 
relationships between recruits above or below guideline intakes for each nutrient 
and outcome measures. The associations between smoking and non-parametric 
variables (i.e. nutrition and injury) were investigated using the Kruskal-Wallis Test. 
The associations between smoking and parametric variables (i.e. anthropometry)
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were investigated using One-Way ANOVA. Associations between nutritional intakes 
and physical data were examined from the Spearman Rank Order Correlation. 
Factors identified as associated with each outcome measure were further analysed 
using logistic regression (enter method) to determine those variables that were 
significantly related to training outcome and injury, and to estimate the variance 
explained by those factors. Statistical significance was accepted at the P<0.05 level, 
unless otherwise stated in the text.
3.3 Results
3.3.1 Research participant training outcomes
At the end of the study period, n=306 (56%) from the cohort of n=545 recruits had 
completed training (Table 3.2), with n=5 recruits still in training at CTCRM. Of those 
who had passed out, the mean (± SD) time to complete training was 38 ± 11 weeks, 
with the maximum time to complete training being 100 weeks. Of those recruits 
who did not complete training, n=180 (32% of the total sample) opted out of RM 
training (i.e. Premature Voluntary Release, PVR), n=50 (9%) were medically 
discharged, and n=3 (1%) were deemed professionally unsuitable. Of the five 
recruits still at CTCRM, the longest time a recruit had spent at CTCRM was 112 
weeks.
Table 3.2 Number of recruits at the Start. Middie and End ofTrainina. shown as 
remaining with their original troop and total number of recruits in the 
studv.
Number of recruits Total number of recruits 
remaining with original in the study
troop
Start of Training 545 545
Middle of Training 321 374
End of Training 179 (33%) 306 (56%)
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3.3.2 Physical characteristics and anthropometric data 
The physical characteristic and anthropometric data are presented for all recruits at 
each stage of training in Tables 3.3 -  3.5. Mean height remained unchanged during 
training, though 32 recruits (10.4%) of the n=306 recruits who completed training 
grew 1 cm or more during the 32 weeks of training. Mean body mass for the total 
study sample increased during Phase-1 (i.e. weeks 1 -  15) of training (P<0.05) and 
remained stable during Phase-2 of training (i.e. weeks 16 -  32). There was an 
increase in all body circumferential girths between the Start o f Training and the 
Middie o f Training (P<0.05) (Table 3.4). Girth measurements for the arm, chest and 
waist all decreased between the Middle o f Training and the End of Training 
(P<0.05). In contrast, calf girth was greater at the End of Training than at the 
Middle of Training (P<0.05). The sum of eight skin-folds increased during Phase-1 
of training (P<0.05), and decreased during Phase-2 (P<0.05). The sum of the limb 
skin-folds increased during Phase-1 of training and remained stable during Phase-2, 
whilst the sum of the trunk skin-folds declined throughout training (P<0.05) (Table 
3.5). Estimated percentage body fat for the total study sample increased by 0.4% 
during Phase-1 of training (P<0.05), and remained stable during Phase-2 (Table 3.3). 
Changes in body compositional measures are presented in Table 3.6.
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Chapter 3
3.3.3 Changes in anthropometry during RM training
Table 3.6 and Table 3.7 present changes in body mass and sum of skinfolds on an 
individual level for those recruits for whom data was available at the two time 
points being compared. The mean increase in body mass during Phase-1 of training 
was 2.2 ± 3.2 kg (Table 3.6). The lightest 10% of recruits at the Start o f Training 
who completed training increased in body mass by 4.1 ± 1.7 kg, while the heaviest 
10% at the Start of Training who completed training decreased in body mass by 0.9 
± 3.7 kg. During the second half of training there was a decrease in mean body 
mass for all recruits. Of the lightest 10% of recruits (n=54) at the Start of Training, a 
third (n=18) also fell into the subset of the leanest 10%, with low estimated percent 
body fat. The mean increase in the sum of eight skin-folds was 1.3 ± 14.3 mm 
(Table 3.7). Recruits with the lowest sum of eight skin-folds who completed 
training showed an increase of 11.1 ± 5.6 mm during training. Recruits with the 
highest skin-folds at the Start o f Training lost a mean of 25.6 ± 17.7 mm during 
training. The majority of the changes in skin-fold thicknesses occurred during 
Phase-1, and remained relatively stable during Phase-2. These changes are 
presented as changes in estimated percent body fat in Table 3.8.
Table 3.6 Change in bodv mass during RM training.
Body mass change (kg) during training 
Wk 1-17 Wk 17-32 Wk 1-32
All recruits 2.64 ±2.78 -0.491 1.96 2.1913.16
n 354 257 264
Lightest 10% (<63.8 kg) ' 4.0611.77 -0.2411.28 4.1311.68
n 28 19 19
Heaviest 10% (>84.6 kg) ' 0.2913.16 -1.0611.84 -0.8813.65
n 34 27 28
Note: I. Body mass at the Start o f Training
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Table 3.7 Change in the sum of 8 skin-folds during RM training.
Change in sum of 8 skin-folds (mm) during training 
Wk 1-17 Wk 17-32 Wk 1-32
All recruits 3.1 ± 14.0 -1.817.8 1.3 114.3
n 234 234 234
Lowest 10% (<47 mm) ' 11.517.5 -0.415.9 11.115.6
n 23 23 23
Highest 10% (>99 mm) ' -19.3114.4 -6.2 112.7 -25.6117.7
n 17 17 17
Note: i. Sum of skinfolds at the Start o f Training
Table 3.8 Absolute change in estimated total bodv fat (%) during RM training
Body fat absolute change (%) during training 
Wk 1-17 Wk 17-32 Wk 1-32
All recruits 
n
0.5111.88
319
0.09 11.05 
233
0.6011.92
258
Lowest 10% (<8.3%) ‘ 
n
2.1711.24
30
0.1610.83
21
2.2911.26
23
Highest 10% (>15.8%)' 
n
-1.89 11.65 
27
-0.5011.1 
16
-2.53 11.79 
19
Note: I. Estimated body fat at the Sto/to/Tra/m ng
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3.3.4 Physical fitness data
Table 3.9 presents the physical fitness data of RM recruits during training. The 
RMFA was scheduled in the recruit programme at week-1 and week-9, and the 
MSFT was also completed at week-15 and week-32. The End of Training data 
include all those recruits who completed training prior to the cessation of fitness 
data collection (i.e. 962 Troop, December 2008). RMFA performance improved for 
each of the four components (i.e. MSFT, sit-up test, press-up test and pull-up test) 
between week-1 and week-9 (P<0.05). The greatest gains in aerobic fitness 
occurred during the earlier weeks of training (i.e. week-1 to week-9), with MSFT 
fitness being maintained during Phase-2 of training (i.e. week-15 to week-32). 
Recruits who started training at 27+ y of age had lower scores for both the MSFT 
and press-up test than younger recruits (i.e. estimated V02max 50.6 ml.kg'^min'^ vs. 
51.9 ml.kg'^min'\ and 40 vs. 45 press-ups, respectively; P<0.05). Those recruits 
who were least aerobically fit at the Start o f Training made the greatest fitness 
gains, whilst those with the highest aerobic fitness (relative to MSFT score) at the 
Start of Training showed a decrease in aerobic fitness during training (Table 3.10).
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Table 3.9 Phvsical fitness of recruits during RM training.
MSFT VO2  
(ml.kg'^ min'^) Press Ups Sit Ups
Pull Ups
start of
Mean (SD) 11.6 51.8 ±2 .9 44 ± 1 0 67 ± 1 6 7 ± 3
Minimum 9.3 44.2 18 32 0
Training-all
Maximum 14.8 62.7 60 85 16
95% Cl - ±0 .3 ±0 .8 ±1 .3 ±0 .2
Start of Mean (SD) 11.8 52.4 (2.8) 44 (10) 69 (16) 7 (3 )
Training- Minimum 9.3 44.2 18 33 0
Passed Out Maximum 14.1 60.9 60 85 16
(n=297) 95% Cl - ± 0 .4 ±1 .5 ±2 .3 ± 0 .4
Mean (SD) 11.9 52.7 ±2 .6 48 ± 9 73 ±1 3 8 ± 2
Week 9 -a l l Minimum 9.4 44.5 23 32 2
(n=382) Maximum 14.3 61.4 60 85 16
95% Cl - ±0 .3 ±0 .9 ±1 .3 ±0 .2
Mean (SD) 11.10 53.0 (2.5)* 48 (9)* 74 (13)* 8 (2 )*
Wppk Q —
Minimum 10.1 47.1 26 41 2
Passed Out
(n=270) Maximum 14.3 61.4 60 85 16
95% Cl - ± 0 .4 ±1 .3 ±1 .9 ± 0 .4
Mean (SD) 11.8 52.4 ± 2 .4 - - -
Middle of Minimum 9.9 46.1
Training - all
(n=348) Maximum 13.10 59.8 - - -
95% Cl - ±0 .3 - - -
Mean (SD) 11.9 52.7 (2.4)
Middle of
Training - Minimum 9.9 46.1 - - -
Passed Out Maximum 13.10 59.8
(n=277)
95% Cl - ± 0 .4 - - -
Mean (SD) 11.7 52.3 ±3 .1 - - -
End of Minimum 9.3 44.2
Training
(n=203) Maximum 14.3 61.4 - - -
95% Cl - ± 0 .4 - - -
Notes: Onlv troops involved in the studv completed the MSFT at the Middle and End ofTrainina.
therefore no fitness data are available for the Middle and End o f Training for recruits who 
completed the second half of training with other troops.
* Significantly different to Start o f Training (P<0.05) (Repeated measures ANOVA on 
individuals assessed at all timepoints).
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Table 3.10 Changes in estimated V09m:,v (from MSFT) during RM training.
Wk 1-9 Wk 1-15 Wk 1-32
All recruits 0.6 ±2.5 0.2 ±2.7 -0.4 ± 3.3
n 373 338 198
Lowest 10% 
(<48.0 ml.kg'^ min'^) 3.4 ±2.3 4.2 ±2.7 4.6 ±2.5
n 28 23 11
Highest 10% 
(>55.3 ml.kg-^ min^) -1.5 ±2.3 -2.4 ±2.2 -2.5 ±3.3
n 42 41 31
Note: An increase in VO2  of 0.6 ml.kg’  ^min'^ would translate to 2 shuttles on the MSFT.
3.3.5 Nutritional data
Dietary intake data from n=17 recruits at the Start o f Training, n=19 recruits at the 
Middle o f Training, and n=14 recruits at the End of Training were excluded from the 
analysis for failing to meet the criteria detailed in Section 3.2.2: Dietary 
Assessment. The EI:BMR ratio for those recruits whose dietary reporting met the 
criteria was 2.22 ± 0.50; 2.21 ± 0.48; and 1.81 ± 0.37 at the Start, Middle and End of 
Training respectively. The nutritional intake during training is presented in Tables 
3.11 -  3.14. Mean energy intake was similar at the Start and Middle o f Training 
(4010 ± 865 kcal.day'^ and 4028 ± 960 kcal.day'^ respectively), but was lower at the 
End of Training (3321 ± 755 kcal.day'^) (P<0.05). This decrease was consistent for 
all macronutrients, indicating a reduction in overall intake rather than a change in 
diet. There were no differences in nutrient intakes across training once nutrient 
intakes were adjusted for differences in energy intake. Figure 3.1 illustrates the 
proportion of RM recruits consuming less than the MDRV for selected nutrients at 
the Start of Training with a more detailed breakdown presented in Table 3.15.
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Figure 3.1 Percent of RM recruits consuming less than the Militarv Dietary 
Reference Value (MDRV) for selected micronutrients.
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Trainina relative to MDRV and RNI.
% of recruits consuming below recommended intake
M DRV/RNI Start of training Middle of training End of training
Thiamin
1.2 mg 
0.9 mg
<1
<1
<1
<1
<1
<1
Riboflavin 1.3 mg 4 5 14
Niacin 17 mg 0 0 <1
Vitamin B6 1.4 mg 0 0 <1
Vitamin B12 2.4 pg <1 1 4
Folate 200 pg 3 3 11
Biotin ' 30 pg 8 14 40
Pantothenic Acid ' 5 mg 2 4 8
Vitamin C
90 mg 
40mg
44
2
43
4
60
5
Vitamin D ' 5 pg 65 72 93
Vitamin E ' 15 mg 67 57 77
Calcium"
1000 mg 22 17 44
1000/700mg 20/5 24/3 50/13
Iron"
15 mg 
11.3/8.7mg
7
1/0
11
2/1
31
9/2
Magnesium
420 mg 
300 mg
38
7
37
9
72
26
Zinc
15 mg 19 27 56
9.5 mg 2 4 9
Selenium 75 pg 32 39 63
Notes: RNIs are shaded and only reported if different from the MDRV.
i. No RNI for these nutrients.
ii. Calcium and iron have a separate RNI for 16 -  18 y and for 19 -  50 y; both values are 
reported.
3.3.6 Factors associated with nutrition during RM training 
Age and estimated percentage body fat were negatively correlated to energy intake 
(absolute and adjusted for body mass) at the Start of Training (age, r = -0.11; 
percentage body fat, r = -0.15; P<0.05). Thus, younger recruits and recruits with 
lower estimated body fat had higher total daily energy intakes at the Start of 
Training. These associations were not evident during the later stages of training. 
Lighter recruits consumed more energy at the Start and Middle o f Training (when 
expressed per kilogram body mass) than heavier recruits (P<0.05). Non-smokers 
consumed proportionately more carbohydrate (i.e. 44.0% vs. 41.8%) and less fat 
(i.e. 39.5% vs. 41.5%) at the Start of Training, as a percentage of the daily energy 
intake, than current smokers (P<0.05).
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3.3.7 Self-reported dietary supplement usage during RM training
Dietary supplement usage is presented in Table 3.16, though the data should be 
interpreted with caution. According to CTCRM training policy, recruits were not 
permitted to use dietary supplements. As such, recruits may have not reported 
taking supplements on the study form, despite reassurances that information was 
not being made available to any CTCRM staff. Thus, the data in Table 3.16 is likely 
to be an underestimation of actual dietary supplement intake of recruits. 
Supplement usage increased with recruit age (r=0.09, P<0.05). Notably, recruits 
who self-reported to taking dietary supplements regularly at the Start o f Training 
(excluding sports drinks) were more likely to have a healthier diet. This was evident 
from positive associations with dietary iron intake (r=0.12, P=0.01), folate intake 
(r=0.10, P=0.02), non-starch polysaccharide intake (r=0.09, P=0.03), a positive 
association with percent energy intake from carbohydrate (r=0.10, P=0.02), and a 
negative association with percent energy intake from fat (r=-0.92, P=0.04). There 
was no association between supplement usage and training success. However, 
those with a higher supplement usage (excluding sports drinks) at the Start of 
Training tended to report more frequently to the Medical Centre with injuries 
during training (r=0.09, P<0.05).
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Table 3.16 Self-reported supplement usage during RM training.
Start o f Training 
(n=536)
Middle o f Training 
(n=350)
End of Training 
(n=262)
Supplement n % n % n %
Sports drinks 89 16.6 66 18.9 48 18.3
Multivitamin 36 6.7 25 7.1 15 5.7
Vitamin C 7 1.3 10 2.8 4 1.5
Iron 3 0.6 1 0.3 1 0.4
Calcium 5 0.9 1 0.3 1 0.4
Zinc 2 0.4 1 0.3 - -
Protein 22 4.1 19 5.4 14 5.3(shake or bar) 
Creatine 13 2.4 3 0.9 1 0.4
Glucosamine 5 0.9 6 1.7 2 0.8
Cod liver oil 9 1.7 10 2.8 1 0.4
Other 2 0.4 1 0.3 1 0.4
3.3.8 Smoking
Table 3.17 presents the smoking status of participants at the Start, Middle and End 
of Training. At week-17, n=4 non-smokers had started smoking, n=22 ex-smokers 
had relapsed, and n=3 smokers had given up. Of those recruits who completed 
training, n = ll recruits who were non-smokers at the beginning of training were 
now smoking, n=9 ex-smokers had started to smoke again and n=2 smokers had 
given up. Of the recruits who started training under the age of 18 y, the proportion 
that reported being current smokers was the same as for older recruits (11%), 
whilst the proportion reporting to be ex-smokers was only 10%, compared with 
22% in those 18 y or over. Table 3.18 presents the physical characteristics of 
recruits in relation to smoking status at the Start o f Training. Current smokers had 
lower body mass and estimated body fat than ex-smokers (P<0.05). At the Start of 
Training non-smokers had a higher aerobic fitness and performed more pull-ups 
than ex-smokers, and performed more sit ups than current smokers (P<0.05). 
Differences in aerobic fitness were still apparent at week-9 and week-15 of training 
(P<0.05), but not at week-32.
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Table 3.17 Smoking status of recruits during RM training.
Start o f Training Middie o f Training End o f Training 
(n=536) (n=350) (n=262)
Smoking status n % n % n %
Current smoker 60 11 56 16 37 14
Ex-smoker 103 19 45 13 30 12
Never smoked 373 70 249 71 195 74
Table 3.18 Phvsical characteristics of recruits who were non-smokers, current 
smokers or ex-smokers at the Start ofTrainina.
Smoking Status n Wax Body Mass Index Body Fat
_______: ________________________W ___________ (kg.m')__________(%)
Non-Smoker 373 74.0 ±8.1 23.6 ±2.1 11.5 ±2.8
Current Smoker 60 72.6 ±8.0* 23.2 ±1.8* 10.8 ±2.8*
Ex-Smoker 103 75.6 ±7.6 24.1 ±2.1 12.3 ±3.2
Note: * Significantly different to ex-smokers (P<0.05).
3.3.9 Factors influencing training outcome 
Nutrition and training outcome
Macronutrient intake relative to training outcome is reported in Table 3.19. Diet at 
the Start of Training was similar in all recruits. At week-17, recruits who went on to 
complete training were consuming more energy, than those who failed to complete 
training (P<0.05). This difference between successful and unsuccessful recruits was 
still evident when energy intake was expressed relative to body mass. Recruits 
consuming more than the minimum of 500 g of CHO recommended for military 
training (Casey, 2008) were more likely to complete training than recruits 
consuming less than 500 g of CHO per day (OR 2.4, Cl 1.2-4.8). There were no 
differences in micronutrient (i.e. vitamins, minerals and trace elements) intakes 
between successful and unsuccessful recruits once these intakes were adjusted for 
total energy intake (data not shown). When micronutrient intake was investigated 
as absolute values in terms of whether or not recruit intakes met recommended
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daily intakes, recruits consuming less than the MDRV for vitamin C, biotin, calcium, 
magnesium or zinc at the Middle o f Training were less likely to complete training 
than those recruits consuming above the recommended amount. These 
relationships between dietary intake and training success were not evident at the 
Start of Training.
Table 3.19 Macronutrient intake relative to training outcome.
Week of 
training
Training outcome 
Successful Unsuccessful
Week - 1
Energy (kcal)
Energy (kcal.kg'^)
CHO (g; % Energy)
Fat (g; % Energy)
Protein (g; % 
Energy)
4031± 848 
54 ±12 
471 ± 109; 44% ± 5 
178 ± 44; 40% ± 4
156 ± 33; 16% ± 2
299
3999 ± 888 
55 ±14 
461 ± 113; 43% ± 5 
179 ± 46; 40% ± 4
157 ± 35; 16% ± 2
224
Week - 17
Energy (kcal)
Energy (kcal.kg'^)
CHO (g; % Energy)
Fat (g; % Energy)
Protein (g; % 
Energy)
4078 ± 948*
53 ± 12*
495 ±131*; 45% ±5 
177 ±45*; 38% ±5
151 ±31*; 15% ±2
261
3665 ± 1097 
48 ±14 
439 ± 139; 45% ± 6 
159 ± 57; 38% ± 5
136 ± 37; 15% ± 3
44
Note: * Significantly different to recruits not completing training (P<0.05).
Age and training outcome
Analysis of age in relation to recruits' success in passing out of training is presented 
at Figure 3.2. The highest pass-out rate was achieved by recruits who were 24 y of 
age, with 75% of a total of n=24 recruits at the Start o f Training going on to 
complete training. Recruits who were less than 18 y of age at the Start o f Training, 
or older than 26 y of age, were less successful in completing training than recruits
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who started training aged 18 -  26 y (pass-out rates 48%, 35% and 60% respectively) 
(recruits under 18 y: Relative Risk (RR) = 0.81, Cl 0.65 - 0.98, = 3.93, df = 1,
P<0.05; recruits over 26 y: RR = 0.59, Cl 0.32 - 0.94, 3.85, df = 1, P=0.05).
Anthropometrv and training outcome
Figure 3.3 presents the training success of recruits relative to body mass at the Start 
of Training. Thirteen (2%) recruits from the study sample of n=545 recruits were 
underweight (i.e. <60 kg) at the Start of Training. Of these underweight recruits, 
n=5 (39%) successfully completed RM training, but none of these recruits 
completed training with their original troop. Body Mass Index (BMI) and estimated 
percentage body fat were related to training outcome; recruits with the highest and 
lowest values for either BMI or percentage body fat were less successful in training 
than recruits who had a BMI or body fat within the middle of the range (Figure 3.4 
and Figure 3.5).
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Figure 3.2 Training success (percent) relative to age at the Start ofTrainina.
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Figure 3.3 Training success (percent) relative to bodv mass at the Start of Trainina.
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Figure 3.4 Training success (percent) relative to Bodv Mass Index (BMI) at the Start 
of Trainina.
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Figure 3.5 Training success (percent) relative to estimated percentage bodv fat at 
the Start of Trainina.
Bodv circumferential girths and trainina outcome
Limb and trunk girth measurements from the Start o f Training are reported in Table 
3.20. Girths of the lower limb (i.e. thigh and calf) in week-1 of training were larger 
in recruits who completed training (P<0.05), relative to those recruits who did not 
pass out of training. There were no associations between upper body girths and 
trunk girths and training outcome.
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Table 3.20 Bodv circumferential girths at the Start ofTrainina relative to training 
outcome.
Girths (cm)
Training Outcome 
Successful (n=306) Unsuccessful (n=234)
Arm 31.1 ±2.3 30.9 ±2.4
Chest 98.7 ± 4.8 98.0 ±5.5
Waist 80.0 ±4.1 79.3 ±4.8
Hips 94.0 ± 4.3 93.5 ± 4.4
Thigh 52.3 ±3.5* 51.5 ± 3.7
Calf 37.5 ±2.2* 37.1 ±2.2
Note: * Significantly different from unsuccessful recruits (P<0.05).
Phvsical fitness and training outcome
Aerobic fitness (estimated from the MSFT) at weeks 1, 9 and 15 of training was 
higher in recruits who completed training relative to those who were unsuccessful 
{Start o f Training V02max 52.4 ml.kg'^min'^ vs. 51.1 ml.kg'^min'^; equivalent to 11:8 
vs. 11:3 on the MSFT, respectively; P<0.05) (Table 3.21). Sit-up test score was 
higher in successful recruits who went on to pass-out of RM training, than those 
who failed to complete training (i.e. sit-up count n=69 vs. n=65; note the maximum 
possible number of sit-ups performed during the RMFA is 85).
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Table 3.21 Differences in fitness between successful and unsuccessful recruits.
Week of 
Training
Training Outcome 
Successful Unsuccessful
V02max(nnl.kg'^min'^) 52.4 ±2.8* 51.1 ±2.7
Press Ups (Count) 45 ± 10 44± 10
Week 1
Sit Ups (Count) 69 ± 15* 65 ±15
Pull Ups (Count) 7±3 7 ± 3
V02max(ml.kg^rnin'^) 53.0 ±2.5* 51.8 ±2.2
Press Ups (Count) 49 ±9 48 ±9
Week 9
Sit Ups (Count) 74 ±13 72 ± 14
Pull Ups (Count) 8 ± 2 8± 2
Week 15 V02max(ml.kg'^rnin'^) 52.7 ±2.4* 51.4 ±2.2
Note: * Significantly higher than for unsuccessful recruits (P<0.001).
0) 40
CL
H Still at CTC 
H Unsuccessful 
□  Passed-Out
<10 10 .1- 10 .7- 11.1 - 11 .7- 12 .1- 1 2 .7 -  13 .1- >13.6 
10.6 10.11 11.6 11.12 12.6 12.12 13.6
MSFT Score - Week 1
Figure 3.6 Training success (percent) relative to Multi-Stage Fitness Test (MSFT) 
score at the Start of Training.
Note: n=5 for the group scoring <10 on the MSFT
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Smoking and training outcome
The success rate, in terms of recruits completing training, relative to smoking habit 
at the Start o f Training is presented in Table 3.22. Current or past smoking was 
associated with a greater risk of not completing training (x  ^= 8.89, df = 1; P<0.05). 
The RR for completing training for current and ex-smokers combined vs. non- 
smokers was 0.79, Cl 0.66 -  0.94.
Table 3.22 Smoking status at the Start ofTrainina relative to training outcome.
Smoking Status
Start of Training Completed Training
n n %
Never Smoked 373 225 60.3
Ex-Smoker 103 49 47.6
Current Smoker 60 29 48.3
Training outcome logistic regression
Logistic regression analysis was undertaken on those factors that were identified to 
be associated with training outcome at the Start o f Training (i.e. VOzmax, sit-ups, calf 
girth, thigh girth, smoking and body mass). The model explained 9% -  12% of the 
variance between recruits who completed training and those who did not (x^(8df) = 
49.2, P<0.001; Table 3.23). Estimated maximum oxygen uptake (V02max) was the 
only factor to be statistically significant in this model; a decrease in V02max of 4 
ml.kg'^min"^ (equivalent to a decrease in one level on the MSFT) would be 
associated with a 5-fold increase in the risk of not completing training. There was a 
trend (P<0.01) for larger thigh girth to be positively associated with training 
success.
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Table 3.23 Logistic regression analysis of factors associated with training 
success.
95% Cl
Variable (week 1) B(SE) Wald Sig. Odds ratio Lower Upper
Constant -16.00 (2.89) 30.6 <0.001
VÛ2max (ml.kg'^min'^) 0.19 (0.04) 26.9 0.001 1.21 1.12 1.30
Sit-Ups (Count) 0.01 (0.01) 2.5 0.17 1.01 0.99 1.02
Smoking status: 
(never vs. current/ex)
-0.29 (0.21) 1.8 0.16 0.75 0.51 1.15
Calf Girth (cm) 0.07 (0.07) 0.9 0.32 1.08 0.93 1.24
Thigh Girth (cm) 0.09 (0.05) 2.9 0.08 1.09 0.99 1.21
Body Mass (kg) -0.17 (0.02) 0.4 0.48 0.98 0.94 1.03
The pass-out rate for those attaining a minimum of Level-11 on the MSFT was 62%, 
and for those recruits attaining a minimum of Level-ll;7 the pass out rate was 70%. 
A combination of physical factors that was associated with a pass-out rate of 64% 
(i.e. similar to the pass-out rate associated with attaining Level-11 on the MSFT) 
was:
a. Body Mass > 65kg, and
b. BMI 2 1 -2 8  kg.m'^, and
c. MSFT score > Level 10:7
3.3.10 Stress Fracture
Of the n=545 recruits who started the study, n=30 recruits suffered a total of 34 
stress fractures (Table 3.24), accounting for 3.3% of all injuries reported. This was a 
prevalence of 5.5% of recruits participating in the study suffering at least one stress 
fracture, and a prevalence of 6.2% for the total number of stress fractures suffered 
by study participants. The incidence of stress fracture was 0.23 stress fractures per 
100 RM training weeks, or 0.42 stress fractures per 1000 RM recruit training days. 
Three recruits suffered two metatarsal stress fractures of different metatarsals, on 
different occasions, whilst one recruit suffered a fibula stress fracture followed by a 
metatarsal stress fracture. Stress fractures occurred throughout training, with
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weeks 8, 12, 15, 27 and 28 having more than two stress fractures reported by 
recruits from the study sample (Figure 3.7). Of the 17 recruits who suffered a stress 
fracture and went on to complete training, one recruit managed to complete in the 
32 weeks (i.e. stayed with his original troop), whilst the longest time a recruit was 
at CTCRM was 80 weeks. The mean time to complete training for stress-fractured 
recruits was 52 ± 12 weeks.
Table 3.24 Stress fractures: sites and outcomes.
n CompletedTraining PVR"
Outcome
Medically Professionally 
Discharged Discharged
Metatarsal
Tibia
Fibula
Femur
Neck of Femur
16 (+ 4)'
5 
2 
1
6
12
2
1
1
1
Total 30 (+ 4)‘ 17
Notes: I. Three recruits suffered two separate stress fractures of metatarsals, one recruit
suffered separate stress fracture of the fibula and then the metatarsal.
11. PVR: Premature Voluntary Release.
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■  Femur 
0N O F  
H Fib
□  Tib
□  MT
9 11 13 15 17 19 21 23 25 27 29 31
Week of Training
Figure 3.7 Stress fractures per week of training.
Notes: Tib/Fib -  Tibia and Fibula
N O F - Neck of Femur 
MT -  Metatarsal.
3.3.11 Factors associated with stress fracture
Recruits with a body mass of less than 65 kg at the Start of Training suffered more 
stress fractures than recruits with a body mass greater than 65 kg (P<0.05) (Figure 
3.8). The prevalence of stress fracture in recruits under 65 kg was 12.7%, compared 
to 4.6% in recruits over 65 kg (Odds Ratio (OR) = 2.9, Cl 1.2-6.7). There was no 
association between smoking and stress fracture incidence. There was no 
difference in the changes in body mass during Phase-1 of training between recruits 
who suffered a stress fracture and those who did not suffer a stress fracture.
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Figure 3.8 Stress fracture prevalence (as % of recruits in each body mass category) 
relative to body mass at the Start ofTrainina.
Table 3.25 reports the anthropometry and physical fitness data for stress fractured 
and non-stress fractured recruits for all fracture sites. Aerobic fitness (estimated 
from the MSFT) was lower during Phase-1 of training (weeks 1, 9 and 15) in those 
recruits who suffered a stress fracture (independent of site) than those recruits 
who did not fracture (P<0.05). To give an estimate of lean tissue (muscle and 
bone), thigh and calf girths were corrected using the skinfold thickness at each site 
(Equation -  l)(Martin et al., 1990).
Corrected Girth (cm) = [Measured Girth (cm)] -  [n x skinfold (cm)] Equation - 1
Corrected thigh and calf girths were smaller in recruits who suffered a stress 
fracture (independent of site) than in those recruits who did not fracture (P<0.05; 
Table 3.30). Fractures of the shin bones (i.e. tibia and fibula) occurred in younger 
recruits with a lower body mass; these recruits also had a relatively low body mass 
for their height (i.e. low BMI), and smaller lower limb girths (corrected and 
uncorrected) compared with other recruits in the study sample (P<0.05). There was 
a trend (P<0.1) for recruits who suffered metatarsal stress fractures to be lighter
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and have a lower lean body mass compared with other recruits, with only corrected 
thigh girth being different (P<0.05).
Aerobic fitness, corrected calf girth, and corrected thigh girth were identified to be 
associated with risk of stress fracture. The effect of these factors, as well as 
smoking status, on the risk of stress fracture (all sites) was assessed through logistic 
regression analysis (Table 3.26). The model explained 3% -  8% of the variance 
between recruits who suffered a stress fracture and those who did not suffer a 
stress fracture (x  ^(5df) = 14.7, P<0.05). For every centimetre decrease in corrected 
thigh girth, there was a 1.2-times increased risk of stress fracture. For every 
increase in level on the MSFT (indicating a higher aerobic fitness), there was a 5- 
fold decrease in risk of stress fracture.
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Table 3.26 Logistic regression analysis of factors associated with stress fracture.
Variable (week-1) B(SE) Wald Sig. Odds Ratio
95% Cl 
Lower Upper
Constant 15.57 (5.29) 8.65 0.003
VOzmax (ml.kg^min^) -0.16 (0.08) 4.58 0.03 0.85 0.74 0.99
Smoking status; 
(never vs. current/ex) 0.19 (0.42) 0.18 0.65 1.21 0.53 2.72
Corrected Calf Girth (cm) -0.13 (0.14) 0.93 0.33 0.88 0.67 1.15
Corrected Thigh Girth (cm) -0.18 (0.08) 5.09 0.02 0.84 0.72 0.98
Body Mass (kg) 0.04 (0.04) 0.94 0.34 1.04 0.96 1.12
Bone Pain and Shin Splints
Fifty six recruits had injuries coded as Bone Pain, Shin Splints or Stress Response on 
the CTCRM Medical Centre database. All these injuries were of the lower limb, with 
n=6 of these recruits reporting on two occasions with similar issues. Five recruits 
who reported bone pain or shin splints later went on to suffer a stress fracture, and 
their data are included in the stress fracture group. The remaining 51 recruits who 
had injuries coded as Bone Pain, Shin Splints or Stress Response did not go on to 
develop a stress fracture later in training. Mean corrected calf girth was smaller in 
recruits who suffered with bone pain, shin splints or a stress response than in those 
who did not have this problem during training (P<0.05).
Overuse Bone iniurv and Nutrition
There were no differences in nutritional intakes between those who suffered a 
stress fracture, or bone pain/shin splints, and those who did not report these 
symptoms. Flowever, a higher proportion of recruits who stress fractured did not 
meet the RNI for vitamin C at week-17 of training compared with those recruits 
who did not stress fractured (20% vs. 3% respectively, P<0.05). A higher proportion 
of recruits who suffered bone pain or shin splints did not meet the MDRV for folate
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at week-17 of training compared with those recruits who did not report this 
symptom during training (13% vs. 3% respectively, P<0.05).
3.4 Discussion
This chapter aimed to identify the influence of diet during RM recruit training on 
training performance and risk of stress fracture. The pass out rate of 56% was 
consistent with outcome data from RM training over recent years,^ indicating the 
study sample was representative of RM recruits and the training experience. The 
stress fracture prevalence was higher than the 4% reported in 2002 (Ross and 
Allsopp, 2002), and stood at 5.5% within this 2007/2008 cohort of recruits. The role 
of diet in stress fracture is currently not well understood, and represents a
potentially modifiable factor to reduce injury and improve training outcome.
3.4.1 Nutrition in RM training
Food Record Card Evaluation
Several aspects of the data from this study indicated that the FRC was a practical 
and valid method of collecting dietary intake data during RM training. First, mean 
energy intake during week-2 and week-15 was consistent with findings from 
previous studies assessing energy intake and energy balance in RM recruits (Allsopp 
et al., 1991a; Allsopp et al., 1991b). Second, the intakes reported on the FRC 
allowed for maintenance, and in some cases, a gain in body mass, suggesting this 
intake continued to be appropriate for RM training. Third, compliance was high, 
with an average of 3 days of data for each recruit per time-point. This confirmed 
the usability of the FRC within the busy recruit training programme.
Commando Training Wing, April 2010
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Under-reporting of dietary intake
For individuals who completed a four-day food diary, Goldberg et al. (1991) 
proposed a cut-off for EI:BMR of 1.06, below which individuals should be classified 
as under-reporting energy intake. Four recruits at the Start o f Training, and five 
recruits at the Middie o f Training, whose dietary data at the Start o f Training were 
not excluded when the criteria defined in Section 3.2.2 were applied, reported 
consuming an energy intake below 1.06 times their estimated BMR (Schofield, 
1985). However, these recruits were included in the analyses because their 
inclusion did not alter the findings of a link between energy intake during training 
and training success. Standard food record methods typically under-report actual 
intake to the order of around 10% of energy intake (Buzzard, 1998). Thus, even if 
there was some degree of under-reporting, these individuals were still likely to have 
had a relatively low energy intake compared with the remainder of the study 
volunteers.
Energy intake during training
Physical Activity Level (PAL) is the ratio of overall daily energy expenditure to BMR, 
and provides a frame work for informing guidance on energy intake (Committee on 
Medical Aspects of Food Policy, 1991). The mean EI:BMR ratios at the Start and 
Middle o f Training were higher than estimates of PAL for males in the general 
population whose occupational work is classed as 'heavy' and who are very 
physically active during leisure time (PAL=1.9) (Committee on Medical Aspects of 
Food Policy, 1991). The mean total daily energy intake of RM recruits was 4010 ± 
865 kcal at week-2, and 4028 ± 960 kcal at week-17, which equated to 96% of the 
recommended energy intake for RM recruits (Minimum 1566 kcal; Maximum 7432 
kcal) (Casey, 2008; Institute of Naval Medicine, 1981). This intake fell within the 
range previously shown to maintain energy balance in RM recruits (4000 -  4300 
kcal.day'^) (Allsopp et al., 1991b). However, the training load experienced by an RM 
recruit varies across the training syllabus (Fallowfield and Davey, 2008). For 
physical performance to be maintained, through adequate refuelling and recovery, 
dietary energy intake must at least match exercise energy expenditure (Fallowfield
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and Williams, 1993; Fallowfield et al,, 1995). Overall, energy intake was sufficient 
to cover the energy expenditure associated with training, and allowed for the 
deposition of lean tissue, as evidenced by a mean gain in body mass of 2.2 ± 3.2 kg 
during training, and only a 0.6 ± 1.9% increase in estimated body fat.
The mean total daily energy intake of RM recruits at the End of Training was 3321 ± 
755 kcal (minimum total daily energy intake 1840 kcal; maximum total daily energy 
intake 6384 kcal). This equated to 79% of the recommended daily energy intake for 
RM recruits (Casey, 2008; Institute of Naval Medicine, 1981). This final week of RM 
training focuses on preparation for the pass-out parade and transfer to a RM unit. 
Flowever, while nutrition may no longer be influencing training success (barring 
exceptional circumstances, recruits completing the Commando Tests in week-31 all 
pass out of training the following week), energy intake was not adequate to 
optimise recover. Large proportions of the study sample failed to meet the 
recommended intakes for several micronutrients; specifically folate, biotin, calcium, 
iron, magnesium and selenium (Casey, 2008).
Carbohydrate intake
Data presented at Table 3.11 indicated that the dietary intake of some recruits 
during training was less than optimal in terms of meeting the requirements to 
sustain performance during arduous physical training (American College of Sports 
Medicine, 2009). The mean absolute CFIO intake was equivalent to 466 g per day 
(i.e. 6.2 g.kg'^ body mass per day) at the Start o f Training, with 64% of recruits 
consuming less than the minimum of 500 g of CFIO recommended for military 
training (Casey, 2008). This proportion was still 55% at the Middle o f Training, 
despite the nutritional education lecture recruits received in week-3 of training. 
Furthermore, in terms of optimising recovery from repeated bouts of prolonged, 
sub-maximal exercise, it is recommended that individuals consume a CHO-rich diet 
providing approximately 8.0 g.kg'^ body mass per day (Fallowfield and Williams, 
1993), with re-fuelling immediately after exercise being the most efficient time for 
replenishment of muscle glycogen stores (Ivy et al., 1988). Inadequate intakes of
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CHO are associated with decreased running economy and increased perception of 
fatigue (Kirwan et al., 1988). This level of CHO intake would equate to 600 g of 
CHO, which equates to an additional 134 g of CHO per day at the Start o f Training. 
Eighty-eight percent of recruits failed to meet this level of intake at the Start of 
Training, with 80% still failing to do so at the Middle o f Training.
Protein intake
The dietary protein requirement is the sum of net protein synthesis (growth, repair, 
muscle hypertrophy and enzyme synthesis) and amino acid oxidation (Tarnopolsky,
2004). Amino acids are oxidised for energy when an individual is energy depleted. 
Both dietary energy and CHO have a net positive effect on nitrogen (protein) 
balance (Krempf et al., 1993). Thus, a diet which is adequate in energy and CHO to 
meet the needs of the individual will spare dietary protein for protein synthesis 
needs. Provided energy and CHO intakes are adequate, the recommended protein 
intake for strength athletes is between 1.2 -  1.7 g.kg'^day'^ (American College of 
Sports Medicine, 2009; Tarnopolsky, 2004), and for endurance athletes is between
1.2 -  1.4 g.kg'^day'^. RM recruits undertake both endurance and strength training; 
therefore it would be more appropriate to base recommendations for RM recruits 
on the higher recommendations for strength athletes. Indeed, this is the rationale 
for the MDRV for protein requirement in military training (Casey, 2008), also 
presented as an adequate protein intake of 100 -  150 g.day'^. For a 75 kg RM 
recruit, consuming around 4000 kcal.day'\ this equates to a requirement of 
between 9% -  13% of total energy intake from protein. Throughout the study, the 
mean protein intake was 15% -  16% of the total energy intake. A dietary protein 
intake that represents 15% of the total energy intake with an energy-sufficient diet 
should meet the body's requirements (Tarnopolsky, 2010). The minimum protein 
intake dropped below 9% during week-32, indicating that some individuals may 
have been consuming inadequate protein to meet their needs for recovery and 
repair during this post-Commando Test Phase. Indeed 21% of recruits were 
consuming less than 100 g.day'^ of protein in week-32, compared to 4% and 6% 
respectively for week-2 and week-17 respectively.
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Micronutrient intakes
A substantial proportion of recruits were not meeting the recommended intakes of 
some key micronutrients, namely vitamins C, D and E, calcium, iron, magnesium, 
zinc and selenium. The higher proportion of recruits not meeting the MDRVs for 
micronutrients in week-32 (Table 3.15) is a reflection of the lower total daily energy 
intake, and not a change in dietary habits per se. However, as energy intake 
appears to be related to training success, it may be more appropriate to examine 
nutrient intake in terms of energy-adjusted intake, particularly when relating intake 
to outcome measures. This approach is now widely used in epidemiological studies 
into diet and disease risk (Morris et al., 1977; Willett and Stamper, 1998). 
Unadjusted intakes of several vitamins and minerals were higher in successful 
recruits than in unsuccessful recruits at the Middle o f Training, but this may simply 
reflect the higher energy intake of successful recruits rather than differences in the 
quality of the diets. Energy-adjusted micronutrient intakes were not different 
between successful and unsuccessful recruits. However, the difference in energy 
intake between successful and unsuccessful recruits made it difficult to interpret 
the findings that recruits not meeting the MDRV for vitamin C, biotin, calcium, 
magnesium or zinc in week-17 of training were less likely to complete training than 
those consuming above the recommended amount. The lack of association 
between training outcome and nutrient consumption in relation to RNIs is likely a 
reflection on the low numbers of recruits below this level of intake.
The sodium intake of recruits was relatively high throughout training, where a mean 
intake equivalent to 15 g.day'^ is more than double the maximum recommended 
intake for the general population of 6 g.day"^ (Scientific Advisory Committee on 
Nutrition, 2003). The average intake in the UK currently stands at 9 g.day'^ (Food 
Standards Agency, 2008). High salt intakes are associated with elevated blood 
pressure (Scientific Advisory Committee on Nutrition, 2003), which is an important 
risk factor for coronary heart disease -  albeit not in this specific population. The 
MDRV for training and operational military personnel is currently less than 17.5 
g.day'\ nearly three times the guideline maximum intake for the general population
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(Casey, 2008). It may be assumed that there could be high sodium losses through 
sweating in personnel who are highly physically active in hot environments, 
however, this limit seems excessively high. The MDRV document acknowledges 
that sodium requirements during military training and operations are currently 
unknown (Casey, 2008).
3.4.2 Dietary supplement usage
The use of dietary supplements, other than sports drinks, is prohibited during RM 
recruit training. This decision was initiated in response to the growing use of 
supplement products by RM recruits, the cost implications for recruits, and the use 
of such products as meal replacements rather than nutritional supplements. In the 
present study, recruits were asked to complete a confidential questionnaire on 
dietary supplement usage during training, and as such the results presented here 
provide an indication of the nature and prevalence of dietary supplement usage. 
Sports drinks were the most popular product, with nearly 20% of recruits reporting 
regular consumption during training. The isotonic nature of these drinks is 
designed to re-hydrate, and provide a limited amount of carbohydrate and 
electrolytes during exercise, or to assist recovery from exercise (American College 
of Sports Medicine, 2009). However, these energy products are usually purchased 
from the Londis shop at CTCRM, or vending machines in the Main Galley, and are 
therefore often consumed with other foods. Therefore the only real benefit of 
consuming these products at this time would be one of hydration (consumption of 
other foods would negate the isotonic effect of the drink, such that plain water 
would be equally as effective). The association of dietary supplement usage with 
positive aspects of the dietary behaviour could indicate that recruits who took 
supplements had a better awareness of an appropriate diet for health and physical 
performance. The irony of this is that these were the recruits who would probably 
benefit the least from taking extra nutrients in the form of dietary supplements, as 
their needs would more likely have been met through their diet alone.
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3.4.3 Factors associated with training outcome
Recruit training success was associated with positive outcome factors identified 
previously in the Risk Zone Model developed in 2000; namely low body mass, under 
18 y at the Start of Training, and poor aerobic fitness (Pethybridge et al., 2000; 
Pullinger et al., 2001). In addition, the present study also identified very low or high 
BMI, a history of smoking and small lower limb girths to be risk factors for failing to 
complete RM training. Injury is not the only reason recruits do not complete 
training at CTCRM. Indeed many injuries are rehabilitated, and recruits are not 
often discharged for an injury, unlike the other services. However the factors listed 
above have all been identified by studies into injury during basic Army training in 
the UK and the US (Blacker et al., 2008; Jones et al., 1993; Reynolds et al., 1994). 
This cross-over suggests that while RM recruits may not be discharged for their 
injury, injury may be a strong factor in a recruit opting to leave RM training.
Nutrition and training outcome
No associations between diet in week-2 and training outcome were observed. 
However, the dietary intake in week-17 was associated with training outcome. This 
suggests that week-17 may have been more representative of diet during training 
than the intake measured at week-2, when recruits were yet to establish their in­
training military eating patterns. This finding has reduced the power of some 
analyses, as dietary data were only available from n=308 recruits (56% of the initial 
study population), with n=167 recruits having left training before week-17. Of 
those recruits assessed at week-17, recruits with a higher energy intake successfully 
completed training. Since low body mass was also associated with reduced training 
success, energy intake was adjusted for body mass. The difference in energy intake 
between successful and unsuccessful recruits remained significant after adjusting 
for body mass (i.e. 52.6 kcal.kg'^ vs. 47.6 kcal.kg'^; P<0.05). There was no difference 
in the proportions of CHO, fat and protein providing this energy in successful and 
unsuccessful RM recruits. However, recruits consuming less CHO than the MDRV 
for military training (minimum of 500 g.day'^) (Casey, 2008) had a reduced training 
success compared with recruits consuming more than the recommendation. Thus,
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energy, particularly in the form of carbohydrate, appears to be important in recruit 
training success. One explanation for the lower energy intake in unsuccessful 
recruits might be reduced motivation and commitment to RM training, and/or a 
lack of a recruit's organisational skills such that other duties required of RM training 
were undertaken during meal times. Alternatively, the low energy and CHO intake 
may be a causative factor in a recruit's failure to complete RM training, through 
poor physical performance, which would be consistent with the sports science 
literature (Fallowfield and Williams, 1993; Tipton and Wolfe, 2004; Tsintzas et al., 
1996).
Smoking and training outcome
The smoking rate amongst recruits was approximately half that of the general adult 
male population at this time (11% vs 23%) (NHS, 2008). Both current and ex­
smokers had a lower pass-out rate than non-smokers (i.e. 47% and 48%, 
respectively vs. 60% for non-smokers). Smoking has an inverse relationship with 
endurance capacity and physical performance (Marti et al., 1988; Trent et al., 
2007). Previous research suggests that smoking cessation has a beneficial impact 
on physical performance (Albrecht et al., 1998). This is in contrast to the results 
from the present study, where ex-smokers had a significantly lower aerobic fitness 
at the Start o f Training than non-smokers, and similar aerobic fitness to current 
smokers. During informal discussions with recruits, several recruits admitted to 
giving up smoking just prior to starting training, such that the beneficial effects on 
physical performance were yet to be realised. There was some degree of relapse 
during training, with n=31 ex-smokers starting smoking again during training. 
However, it appeared that aerobic fitness might be a potential mechanism through 
which smoking is linked to training outcome, given the strong link between aerobic 
fitness and training success, and the higher aerobic fitness of non-smokers 
compared with current smokers.
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Fitness, anthropometry and training outcome
The definition of RM fitness has previously been described as '...on individual with 
excellent aerobic endurance and good upper-body strength' (Fallowfield et al., 
1998). However, lower body musculature also appeared to be of importance, 
where girths of both calf and thigh were higher at the Start of Training in successful 
recruits compared with those who did not complete training (P<0.05) (Table 3.20). 
Upper limb and trunk girths were not different between successful and 
unsuccessful recruits, indicating that either recruits had adequate upper body 
strength at the start of training, or that limb girths at these sites were less 
important for training outcome, or the assessment procedures in the present study 
were insensitive. Indeed, upper body strength (as indicated by press up and pull up 
scores) at the Start o f Training did not differ between successful and unsuccessful 
recruits (Table 3.20). Good upper body strength in relation to body mass is 
required for general rope work, e.g. the Tarzan Assault Course -  an integral part of 
RM training.
There was an increase in BMI during the first half of training, which could be 
attributed to an increase in body mass (Table 3.9). Whilst BMI is not a suitable 
assessment tool within a lean athletic population to assess body composition (Ross 
et al., 1988) (in the present study n=128 recruits would be classed as overweight, 
and n=4 recruits would be classed as obese, in the face of relatively low estimated 
body fat) (World Health Organization, 1995), it is of some value when examining 
associations with training success: Those recruits with a BMI >29 kg.m"^ had a 
poorer than average success rate (i.e. mean pass-out rate of 50% at BMI of 29 kg.m' 
 ^and 25% at a BMI greater than 29 kg.m'^). Whilst this is not necessarily indicative 
of being over-fat, these nine recruits had a mean estimated percentage body fat of 
18 ± 3% compared with the study mean of 12 ± 3%. Therefore, BMI may provide a 
quick and easy assessment of training risk in heavier individuals.
Recruits with a low BMI (<20 kg.m'^) (n=15) also had a reduced chance of 
completing training (42%). However, only one of these recruits would be classed as
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underweight, with a BMI of less than 18 kg.m'^ (World Health Organization, 1995). 
Nevertheless, these recruits would be light for their height, being both lean and 
lacking in muscle development. Thus, these recruits would potentially be at a 
greater risk of injury particularly during load carrying activities (Blacker et al., 2008). 
Recruits with a BMI below 20 kg.m'^ were, on average, younger than recruits with a 
BMI of 20 kg.m"^ or more (18.5 ± 2.7 y and 20.2 ± 3.1 y respectively; P<0.05). 
Therefore, there is likely to be an element of physical immaturity associated with a 
low BMI.
3.4.4 Factors associated with stress fracture 
Nutrition and stress fracture risk
There was no association between stress fracture and the intake of any specific 
nutrients during training. Week-17 dietary intake has been identified as potentially 
more reflective of RM recruit dietary intake during training. However, at week-17 
there was acceptable dietary intake data for only n=10 recruits who suffered a 
stress fracture during training. Therefore statistical power was too low for 
identifying any differences in diet during RM training between those recruits who 
fractured and those recruits who did not fracture. Dietary intake prior to 
commencing RM training is explored in relation to stress fracture risk in a larger 
sample in the study reported in Chapter 5 of this thesis.
The literature reports mixed findings in relation to current diet and stress fracture. 
In agreement with the present study, no association between current calcium 
intake and risk of stress fracture was found in a case-control study in male soldiers 
(Chatzipapas et al., 2008). In a prospective study in female US Army recruits, there 
was no difference in dairy food consumption between women who fractured and 
those who did not (Lappe et al., 2001). A weakness of this study was that the 
assessment of dairy intake was based on a single question addressing the 
consumption of one or more servings of dairy food per day. In contrast, a case- 
control study on male and female athletes revealed lower calcium intakes in stress- 
fracture cases (Myburgh et al., 1990). However, dietary data was collected post­
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injury and nutrient intake was not adjusted for energy intake. In a prospective 
study in 125 female runners, dairy product and energy-adjusted calcium intakes 
were higher in controls than in the 17 runners who suffered a stress fracture 
(Nieves et al., 2010). Further support for the role of calcium in the prevention of 
stress fracture came from a large study in female Navy recruits in the US (Lappe et 
al., 2008). This randomized, placebo-controlled trial, reported a 20% lower 
incidence of stress fracture in the group supplemented daily with 2000 mg calcium 
and 800 lU vitamin D compared with the control group. Flowever, dietary intake 
assessment was limited to the same single question on dairy intake used by these 
authors in the earlier study (Lappe et al., 2001). Thus, the level of calcium intake 
from dietary sources was not clear.
It is possible that past calcium intake would be a more meaningful predictor of 
present fracture risk, where high intakes were more likely to have a beneficial 
effect during the rapid growth periods of childhood and adolescence (Matkovic et 
al., 1990). Previous diet and lifestyle in relation to stress fracture risk is investigated 
in Chapter 5 of this thesis.
The low intakes of vitamin D identified in the present study were of concern in view 
of the importance of vitamin D in bone health (Avenell et al., 2005; Dawson-Flughes 
et al., 1997; Ruohola et al., 2006). Vitamin D increases the absorption of calcium in 
the small intestine and increases bone resorption to maintain plasma calcium 
concentrations (Committee on Medical Aspects of Food Policy, 1998). 
Supplementation with vitamin D and calcium has been shown to reduce the risk of 
osteoporotic fracture in the older population (Avenell et al., 2005; Dawson-Flughes 
et al., 1997), and to reduce the risk of stress fracture in female military recruits 
(Lappe et al., 2008). Vitamin D deficiency in Finnish Army recruits was found to be 
associated with increased incidence of stress fracture injury during recruit training 
(Ruohola et al., 2006). However, dietary vitamin D is not fully representative of 
vitamin D status, with the majority of the vitamin D in the body being synthesised in 
the skin after sun exposure from the end of March to the end of October in the UK
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(Committee on Medical Aspects of Food Policy, 1991). Vitamin D status during RM 
training is investigated in Chapter 5 of this thesis.
Fitness, anthropometrv and stress fracture risk
Studies into stress fracture tend not to analyse variables with respect to fracture 
site, but rather group all sites together (Jones, 2002; Lappe et al., 2001; Nieves et 
al., 2010; Valimaki et al., 2005). In the present study, it appears that physical 
characteristics associated with fracture risk were not consistent across all sites, with 
the pattern noticeably different for neck of femur stress fractures compared with 
other sites. Aerobic fitness had the most consistent association with stress fracture 
across all fracture sites. In agreement with the literature on both male and female 
military recruits (Beck et al., 2000; Jones, 2002; Mattila et al., 2007; Valimaki et al.,
2005), low aerobic fitness in the present study was found to be related to risk of 
stress fracture. A well supported view is that a lack of fitness and previous physical 
training results in poorly conditioned muscles that fatigue more quickly, resulting in 
greater strain on the bone (Beck et al., 2000; Dressendorfer et al., 1991; Lappe et 
al., 2 0 0 1 ).
The association between small thigh and calf girths and stress fracture risk is 
consistent with findings from previous military studies (Armstrong et al., 2004; Beck 
et al., 2000). Muscle fatigue is a likely contributor to stress fracture, with increased 
bone strain reported when muscles are fatigued (Fyhrie et al., 1998; Gefen, 2002).
3.4.5 Limitations
The small number of stress fractures limited the power of some analyses in this 
study, particularly with respect to associations with nutritional intake. Dietary 
intake did not appear to reflect habitual intake at CTCRM at week-2. However, by 
week-17, associations between diet and training outcome were apparent. 
Nevertheless, the number of recruits still in training had decreased considerably 
(due to injury and recruits voluntarily withdrawing themselves from RM training), 
further limiting the power of statistical analyses. The small number of fractures per
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site prohibited a more detailed examination of risk factors specific to each site. 
Recruits were often reluctant to report injuries to the Medical Centre for fear of 
being back-trooped or transferred into Hunter Company. It is possible that one or 
two individuals who felt the onset of bone pain managed to continue with their 
troop until a period of leave, during which time the injury healed, and the injury 
was never reported to the Medical Centre.
3.4.6 Conclusions
Nutritional provision at CTCRM meets the energy and nutrient requirements for RM 
training. However, links between diet and training outcome highlight the 
importance of educating recruits on optimising their diet to maximise training 
performance. This study has also shown that aerobic fitness and body composition, 
particularly body mass and lower limb girths, have strong links to both training 
outcome and stress fracture risk.
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Chapter 4 
Test-retest reliability of Broadband Ultrasound Attenuation.
4.1 Introduction
The focus of this thesis now shifts towards an interrogation of some of the 
mechanisms that may increase the risk of a recruit suffering a stress fracture during 
training. Bone strength has traditionally been assessed via Dual Energy X-ray 
Absorptiometry (DXA), which measures bone mineral density (BMD) and bone 
mineral content (BMC). This technique is routinely adminstered in a clinical setting 
to assess bone strength of the central skeleton, relative to the risk of osteoporotic 
fracture (NHS, 2012). This type of DXA scanner is expensive, not portable and 
delivers an X-ray dose to the patient (equivalent to one tenth of the X-ray dose of a 
chest X-ray) (NHS, 2012). These factors have led to an increased interest in the 
development of alternative methods of assessing bone health. Quantitative 
Ultrasound (QUS) is a relatively new technique, which assesses bone quality by 
ultrasound, usually of the heel bone {calcaneus) (Herd et al., 1993). The equipment 
is relatively inexpensive, portable and quick to use (Lappe et al., 2005).
Broadband Ultrasound Attenuation (BUA) is the parameter most commonly 
measured by QUS (Jorgensen and Hassager, 1997). BUA (units of measure dB.MHz' 
)^ is a measure of frequency-dependent attenuation of the ultrasonic wave as it 
passes through the calcaneus (Moris et al., 1995). There is a modest correlation 
between BUA and BMD (Gluer et al., 2004; Valimaki et al., 2006), indicating that 
BUA measures properties of bone other than just BMD. Indeed, the sound wave 
has the potential to be modified by bone structure and bone composition as well as 
BMD (Gluer et al., 1994; Kaufman and Einhorn, 1993). Thus BUA could provide 
additional information on bone strength other than BMD alone. The term 'bone 
quality' has been used to describe this combination of factors with respect to BUA 
(Jorgensen and Hassager, 1997).
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Cohort studies have shown that BUA predicts risk of osteoporotic fracture as well as 
DXA measurements (Bauer et al., 1997; Gluer et al., 2004). In the military 
population, a study in female army recruits has shown BUA and speed of sound 
(SOS), another QUS measure, to be predictive of stress fracture risk (Lappe et al., 
2005). In a case-control study on male soldiers (beyond basic training) (aged 22.9 ± 
3.0 y), QUS stiffness index (derived from an equation based on BUA and speed of 
sound) were lower in stress fractured soldiers (n=32) compared with their matched 
controls (Chatzipapas et al., 2008). Controls were not matched to cases for fitness, 
but all soldiers had undertaken a similar physical activity programme in the 
preceding 2 years. In contrast, in a prospective cohort study in Finnish male 
military recruits (aged 18 - 20 y), BUA did not differ between recruits who went on 
to suffer a stress-fracture (n=15) during military service ( 6  to 12 months) and 
recruits who did not fracture (n=164) after adjustment for age, body mass, smoking, 
aerobic fitness, alcohol and calcium intake (Valimaki et al., 2005). This difference in 
findings between the two studies could be due to the different QUS indices 
employed, the lack of control for fitness level in the first study, or the age 
difference between the study populations.
Another potential use for QUS would be to assess the impact of military training on 
bone health. QUS measures altered across the 10-weeks of basic army training in a 
small cohort (n=26) of male recruits, aged 18.5 ± 1.7 y (Etherington et al., 1999). 
Flowever, the increase in BUA in Finnish army recruits (n=196, aged 18 -  20 y) did 
not differ from the increase seen in matched non-military controls (n=50) across the 
same time period (Valimaki et al., 2006), suggesting that maturational change in 
bone quality was observed rather than an effect of military training. It was 
hypothesised that QUS may be of value in assessing bone quality in RM recruits, 
both with respect to stress fracture risk and the effect of RM training on bone 
health. Flowever, the reliability/repeatability of QUS has not been assessed within 
this population, and this needed to be evaluated to aid interpretation of findings 
from QUS measures in RM recruits, with respect to both stress fracture risk and 
changes with training.
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4.1.1 Aim and hypothesis
The aim of this study was to examine the test-retest reliability of BUA measures in 
RM recruits.
Hypothesis
^Hi: BUA measures will have good test-retest reliability in RM recruits
4.2 Methods
The purpose of the present study was to determine the test-retest reliability of BUA 
measured across the calcaneus, in a cohort of RM recruits, by measuring BUA on 
three occasions. The methods and procedures undertaken in this study were 
approved by MODREC (Appendix I).
4.2.1 Research participants
A cohort of n=35 RM recruits from Hunter Company, aged 16 -  30 years, were 
invited to participate in this reliability study. All volunteers were undergoing 
rehabilitation from an injury. Through consultation with the Remedial Instructors 
(RIs), potential volunteers were excluded if their injuries would have limited their 
ability to participate in the study, or if the nature of their injury would have resulted 
in changes in the BUA measurement over the measurement period of the study.
Recruits were provided with a brief on the study prior to the first measurement, 
which included a full description of the study, the measures to be taken, and any 
possible risks and discomforts associated with participation. It was explained that 
participation in the study was voluntary, and that non-participation would not 
adversely impact upon a recruit's training outcome or onward RM career. It was 
also emphasised that all data collected by the study team would remain 
confidential. There was an opportunity for recruits to ask questions during the
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brief; either with the study team or with the IMO. Written informed consent was 
obtained from all volunteer recruits before data collection commenced.
4.2.2 Procedures
Following the initial brief, those recruits who consented to participate completed 
the Supplements and Smoking Questionnaire (Appendix F), administered 
throughout this research programme. Height and body mass (from which BMI was 
determined) of recruits were measured (see chapter 3, section 3.2.2), before both 
feet were assessed by BUA.
Broadband Ultrasound Attenuation Measurement
A McCue CUBA Clinical (McCue CUBA Clinical, Norland Medical Systems, New York, 
US) dry system osteodensitometer was used to assess bone health in both feet. 
This measure was taken across the caicaneus of a seated recruit by the investigator 
who was trained in this procedure. Calibration was carried out with a quality 
assurance phantom model before scanning commenced on each of the 
measurement sessions. Prior to measuring the recruits' bare feet, each recruit 
cleaned and dried both feet. A measurement was then taken from both feet, and a 
note made of the dominant and non-dominant foot.
The total measurement procedure took no more than six minutes and was 
performed in the Gymnasium during rehabilitation physical training sessions. 
Appropriate steps were taken to ensure both recruit comfort and measurement 
quality in this non-clinical environment. BUA measurements were performed on 
three occasions. Measurement sessions were separated by between two and five 
days depending upon the recruit's rehabilitation programme, with all sessions 
taking place in the morning. Volunteers were asked to attend each session in a 
rested, fed and well-hydrated state, and this was confirmed prior to any 
measurements being taken. The investigator also confirmed that the physical 
status of recruits had not altered since the previous measurement session. All data 
were confidential and -  as there was no requirement to track recruits following
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these measurement sessions -  the data set was anonymised on collation of 
measures from the three sessions.
4.2.3 Data analysis
Data were initially checked for normality by evaluating skewness and kurtosis. Test- 
retest reliability was determined from the results of three measurements (Tl, T2 
and T3) of BUA on the dominant foot and the non-dominant foot. Reliability was 
determined through examination of systematic bias and random error. Repeated 
measures AN OVA (significance P<0.05; with pairwise comparison) and differences 
in mean BUA measurements were used to assess systematic bias. Random error 
was determined by three-way limits of agreement (LoA) (Equation-1) (Bland and 
Altman, 1986) and analysis of the Coefficient of Variation (CV), which were 
expressed as a percentage of the Grand Mean (Equation-2)(Batterham and George,
2000). The Grand Mean is the mean of the three BUA measurements recorded at 
T l, T2 and T3 for each foot. Data were analysed by repeated measures ANOVA to 
determine the mean squares error, from which the measures of random typical 
error could be derived. It should be noted that the calculation of CV by the method 
shown in Equation-2 only describes variability for 6 8 % of the data (Atkinson and 
Nevill, 1998; Sarmandal et al., 1989). The LoA method is therefore considered a 
more representative measure of random error as it explains a greater proportion of 
the differences observed. Significance value was accepted as P < 0.05.
LoA = ± 1.96 (V MSE) (V2)
Equation-1 
CV = [(V MSE) -f Grand Mean] x 100 
Equation-2
Notes: LoA Limits of Agreement
MSE Mean Squared Error
CV Coefficient of Variation
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4.3 Results
4.3.1 Physical characteristics and anthropometric data
A study sample of n=35 recruits volunteered to participate in the study, from which 
n=27 recruits completed the BUA measurements on three occasions. The mean 
physical characteristics data of the study sample are presented in Table 4.1. The 
mean age of recruits was 22 ± 3 years, with a range of 18 -  32 years. The mean BMI 
of the recruits was 25.0 ± 1.8 kg.m'^, with a range of 22.5 -  28.9 kg.m'^.
Table 4.1 Age, height and bodv mass of RM recruits (reliabilitv studv sample).
Age
(y)
Height
(m)
Body Mass 
(kg)
BMI
(kg.m'2)
Mean ± SD 22 ±3 1.79 ± 0.07 80.4 ±8.2 25.0 ±1.8
Minimum 18 1 . 6 6 61.8 22.5
Maximum 32 1.93 97.4 28.9
95% Cl ±1.4 ±0.03 ±3.3 ±0.7
4.3.2 RM recruit BUA measurements
The mean BUA measurements undertaken on the dominant and non-dominant 
foot, respectively, are presented in Figure 4.1. The mean BUA measurement for the 
dominant foot was 103.9 ± 17.4 dB.MHz'^ (minimum of 58 dB.MHz'^; maximum 138 
dB.MHz'^). The mean BUA measurement for the non-dominant foot was 102.0 ±
18.8 dB.MHz'^ (minimum 6 8  dB.MHz"^; maximum 140 dB.MHz'^). Of the study 
sample, n=4 (15%) recruits were left-footed, and the remaining n=23 (85%) recruits 
were right-footed.
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Figure 4.1 Mean BUA measurement recorded on three occasions from the
dominant foot (solid bars) and the non-dominant foot (open bars) of 
RM recruits.
Note: * Significant difference between BUA measurements 1 and 2 (Dominant foot) (P<0.05)
4.3.3 Test-retest reliobility of BUA
Data describing the systematic bias (mean difference) and random error (LoA and 
CV) for the dominant and non-dominant foot, respectively, are presented in Table 
4.2. Repeated measures ANOVA identified a significant difference (P<0.05) 
between the mean values recorded on the dominant foot over time. This 
difference, measured by pairwise comparison (Least Significant Difference), was 
located between the first and second measurement sessions of the BUA. These 
data indicate a systematic change between trials, whereby measurements were 
consistently higher in the second trial. No differences were observed between the 
repeated measurements undertaken on the non-dominant foot, indicating an 
absence of systematic bias for the non-dominant foot. In terms of measurement 
reliability, the variation between repeated measures (CV) was 8.7% and 9.9%, for 
the dominant and non-dominant foot, respectively.
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Table 4.2 The test-retest reliabilitv of BUA measured on the dominant and non-
dominant foot of RM recruits.
Systematic Bias Random Error
(M eaniSDdB.M Hz'l
Absolute CV
(%)
T l T2 T3 95% LoA 
(dB.MHz'i)
Dominant
Foot 100.6 ±15.7 106.6 ±19.8* 104.5 ± 16.8 25.1 8.7
Non-
Dominant 101.3 ±17.1 103.0 ±19.1 101.9 ±20.2 28.1 9.9
Foot
Note: * Significant difference between T l and T2 (Dominant foot) (P<0.05)
4.4 Discussion
The aim of this study was to examine the test-retest reliability of BUA measures of 
the calcaneus in RM recruits. The mean BUA for RM recruits was 103.9 ± 17.4 
dB.Mhz'^ and 102.0 ± 18.8 dB.Mhz'^ in the dominant and non-dominant foot, 
respectively. This is consistent with previous data from RM recruits (Fallowfield et 
al., 2009), and other studies reported in the scientific literature involving similar 
populations (Etherington et al., 1999; Valimaki et al., 2006; Welch et al., 2004). As 
the non-dominant foot did not show a systematic bias, this would suggest that the 
systematic bias seen for the dominant foot was not a calibration fault.
Previous studies using the McCue CUBA Clinical dry system osteodensitometer have 
reported better test-retest reliability (i.e. CV between 3% and 7%) (Arden et al., 
1996; Greenspan et al., 1997; Herd et al., 1993) than was found in the present study 
(10% CV). In a study with army recruits using the McCue CUBA Clinical, Etherington 
et al. (1999) reported a CV of 2.5% for duplicate BUA measures on 30 recruits. 
Good precision is an important consideration of a measurement technique when 
changes over time are assessed via repeated measures on an individual (Evans et 
al., 1995). The reason for the poor precision in the present study is unclear. Evans 
et al. (1995) evaluated factors affecting the precision of BUA, using a water-based
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system. Leg rotation and heel-toe foot positioning were responsible for the largest 
differences in BUA values, with rotation around the long axis of the leg of 5 degrees 
or a 2 mm heel-toe translation, altering BUA by more than 9% (Evans et al., 1995). 
These factors may be of importance in the McCue CUBA Clinical dry system, with 
poor foot positioning offering a potential explanation for the lack of precision in the 
present study. Each recruit was positioned such that the leg to be measured was in 
alignment with the McCue CUBA Clinical. Recruits were instructed to remain still 
during the measurement process. The Velcro straps to hold the lower leg in 
position were not used as it was deemed to take up valuable time when there 
would be limited time available per recruit in the main study.
In a study investigating the short-term effects of exercise on QUS measures, Bennell 
et al. (1998a) showed a mean increase in BUA of 5% immediately after completion 
of a marathon run, compared to baseline, with a return to baseline BUA values at 5- 
6  days post-race. The authors suggested that the elevation in BUA may be due to a 
transient effect of exercise on bone matrix, soft-tissue and/or micro-circulation. In 
the present study, recruits were undertaking structured rehabilitation programmes 
for their specific injuries, such that the intensity and duration of exercise should be 
relatively consistent across measurement days, with measurements conducted at 
the same time each day. However, the influence on BUA measures of any variations 
in physical activity and/or an accumulation effect of exercise cannot be ruled out.
4.4.1 Conclusions
It would appear that BUA would not be sufficiently sensitive for evaluating 
individual changes in bone quality over time in RM recruits. However, BUA may be 
deemed to be of adequate sensitivity to determine the quartile range or clinical 
group (i.e. normal, below average, above average) of an individual's bone quality. 
QUS measures have previously been shown to discriminate between individuals at 
high or low risk of stress fracture in female military recruits (Lappe et al., 2005). 
This approach will be explored in the context of RM recruit training in the study 
reported in the following chapter.
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Chapter 5 
The influence of past diet and lifestyle on bone health and 
stress fracture risk in Royal Marine recruits.
5.1 Introduction
This chapter describes a prospective cohort study investigating past lifestyle, 
physical activity and diet of recruits prior to commencing RM training in relation to 
bone health. Bone health is a complex interplay of pre-determined and 
environmental factors. Genetics accounts for up to 75% of the variation in peak 
bone mass (PBM) (Flicker et al., 1995). However physical activity, lifestyle and 
nutrition represent three factors that are amenable to change, and thus present an 
opportunity to maximise an individual's bone health.
5.1.1 Calcium and bone health
A high quality diet during childhood and adolescence is essential to ensure optimal 
growth and development (Golden, 2000). This stage of life is critical in skeletal 
development and the attainment of PBM (Baxter-Jones et al., 2003). A high PBM is 
vital for long-term bone health, and is not achieved until the age of 25-35 years 
(New, 2001; Recker et al., 1992), such that the skeleton of adolescents and young 
adults is not fully mature. Dietary calcium is a key factor for the accrual of bone 
mass (Heaney, 2000), with puberty a particularly vulnerable time where inadequate 
intakes of calcium may be detrimental to the attainment of PBM (Matkovic et al., 
1990). Studies have shown a high intake of calcium (through diet or 
supplementation) to have a positive effect on bone mass in children and 
adolescents (Bonjour et al., 1997; Chan et al., 1995; Harvey et al., 2012; Nowson et 
al., 1997), and young male military recruits (Ruffing et al., 2006). The intake of 
dairy products also appears to influence bone quality (assessed by QUS) as well as 
BMD during early adolescence (Novotny et al., 2004).
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Few studies have explored calcium intake in relation to risk of stress fracture. A 
prospective study in male military recruits failed to demonstrate any difference in 
calcium intake from age 15 y onwards between recruits who went on to suffer a 
stress fracture and those who did not (Valimaki et al., 2005). However, only fifteen 
stress fractures were reported in this study. In female army recruits, a 
retrospective case-control study found no difference in calcium intake during 
teenage years (13 -  18 y) between stress fracture cases and controls (Cline et al., 
1998). No differences in current calcium intake were found between stress- 
fractured male and female army recruits and their matched controls (Chatzipapas 
et al., 2008; Lappe et al., 2001). In contrast, a study in athletes showed that 
habitual calcium intake was greater in stress fractured athletes versus controls 
(Myburgh et al., 1990) However, the authors failed to adjust for energy intake. In 
female cross-country runners, a higher consumption of dairy products, and energy- 
adjusted calcium intake were associated with reduced fracture risk (Nieves et al.,
2010). In a large scale randomised, placebo-controlled trial in female US Navy 
recruits, supplementation with 2000 mg of calcium and 800 International Units (lU) 
of vitamin D reduced the incidence of stress fracture by 20% (Lappe et al., 2008).
5.1.2 Vitamin D and bone health 
Vitamin D metabolism
Vitamin D is a pro-hormone that can be synthesised in the skin through the effect of 
UV-B light (wavelength 290-315 nm), or orally ingested. There are 2 forms of 
vitamin D; ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Sunlight 
exposure is the major source of vitamin D3 in humans (Committee on Medical 
Aspects of Food Policy, 1998). Indeed, vitamin D status was linked to sunlight 
exposure and not dietary intake in collegiate athletes (Halliday et al., 2011). Dietary 
vitamin Dis a combination of vitamin D2 (plant origin) and D3 (animal origin). There 
are limited dietary sources of vitamin D. These include oily fish, such as salmon and 
mackerel, and fortified products such as cereals, butter, and margarine (Institute of 
Medicine, 2011). Vitamin D intake is expressed in either International Units (lU), or 
micrograms (pg). One pg is equivalent to 40 lU (Institute of Medicine, 2011).
114
Chapters
An outline of Vitamin D metabolism is presented in Figure 5.1. Vitamin D (from oral 
ingestion and endogenous synthesis) is transported to the liver and converted to 
25-hydroxyvitamin D (25(OH)D). Under enzymatic action, the kidney converts 
25(OH)D into the hormone 1,25-dihydroxyvitamin D (l,25(OH)2D) (also known as 
calcitriol). The rate of conversion is determined by the level of circulating 
parathyroid hormone (PTH). Synthesis of PTH is regulated by serum concentrations 
of calcium and phosphate. l,25(OH)2D increases the absorption of calcium across 
the gut and increases bone resorption of calcium in order to maintain plasma 
calcium concentrations (Reid, 2003b). Vitamin D deficiency results in secondary 
hyperparathyroidism which leads to demineralisation of the bone in order to 
maintain plasma calcium concentration (Zittermann, 2003).
Assessment of vitamin D status and deficiencv
In contrast to l,25(OH)2D, 25(OH)D has a relatively long half life (Zittermann, 2003) 
and is not under homeostatic control (Committee on Medical Aspects of Food 
Policy, 1998). For these reasons, 25(OH)D is recognised as the conventional 
indicator of vitamin D status (Committee on Medical Aspects of Food Policy, 1998; 
Institute of Medicine, 2011). In the UK, vitamin D deficiency is currently defined as 
a serum 25(OH)D level of <25 nmol.L'^ (10 ng.L'^) (Committee on Medical Aspects of 
Food Policy, 1991), on the basis that concentrations below this are often associated 
with deficiency diseases such as rickets. In the US, the Institute of Medicine (lOM) 
has set a threshold of 50 nmol.L'^ 25(OH)D for optimising bone health (Institute of 
Medicine, 2011). Consideration was given to the serum concentrations of 25(OH)D 
found to reduce risk of osteoporotic fracture, influence calcium absorption and that 
influenced BMD. This difference in the approach to defining adequate vitamin D 
status explains the difference in the target concentration of 25(OH)D, with the UK 
setting a lower cut-off to define deficiency, and the US defining a threshold for 
insufficiency rather than deficiency.
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During the years of bone formation, deficiency of vitamin D causes rickets -  a 
disease which results in the deformation of bone (Pettifor, 2003). In older adults, 
deficiency contributes to the development of osteomalacia and osteoporosis (Reid, 
2003b). Vitamin D deficiency is often seen in the elderly, whose sunlight exposure 
may be limited. However, there is increasing evidence that the vitamin D status of 
the young adult population may also be sub-optimal (Holick, 2003; Zittermann, 
2003). In the UK, UV-B radiation from sunlight is negligible from October to April 
(Committee on Medical Aspects of Food Policy, 1998). In the UK (latitude 50 - 
60°N), 20% of 19 -  34 y olds had a serum 25(OH)D concentration less than 25 
nmol.L'^ (Henderson, 2003). Serum 25(OH)D concentration was an independent 
determinant of bone quality (assessed by BUA) in adults over the age of 30 y 
(Kauppi et al., 2009).
Two studies have investigated the optimal vitamin D status for reducing stress 
fracture risk in military recruits. A cohort study in Finland reported lower stress 
fracture prevalence in male army recruits with a serum 25(OH)D concentration 
above the median of 75.8 nmol.L'^ compared with recruits with a serum 25(OH)D 
concentration below the median (Ruohola et al., 2006). But only 22 stress fractures 
were identified in this study, limiting the power of analyses. A nested case-control 
study in US female Navy recruits (n=600 cases, n=600 controls) reported that stress 
fracture risk was lowest in those recruits with a serum 25(OH)D concentration 
above 100 nmol.L'^ (Burgi et al., 2011). The differences in the optimal intakes to 
minimise stress fracture risk may reflect study design, the military training 
undertaken, and/or differences in optimal intakes between the sexes. To the 
author's knowledge, no studies on vitamin D status and stress fracture risk have 
been conducted in the UK.
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5.1.3 Trace elements and bone health
Epidemiological studies have reported an association between magnesium intake 
and BMD (Bauer et al., 1997; Houtkooper et al., 1995) in pre-menopausal women. 
However, there is a lack of studies in young males. Magnesium deficiency has been 
shown to impair PTH secretion and influence vitamin D status (Fatemi et al., 1991). 
Other potential mechanisms for the association between magnesium deficiency 
and poor bone health include: a rise in inflammatory cytokines stimulating 
osteoclastic activity; a lack of the stimulatory effect of magnesium on bone cell 
growth; or an alteration in the crystal structure of bone (Rude et al., 2009).
Zinc and copper are important trace elements in bone metabolism. Zinc status 
appears to influence bone formation and resorption (Hie et al., 2011; Nagata et al., 
2011; Sun et al., 2011), whilst copper is essential for the functioning of several 
enzymes involved in bone formation and collagen maturation (DiSilvestro et al., 
2010; Rucker et al., 1996). More recently, selenium status has been shown to be 
associated with bone health. In post-menopausal women, selenium status was 
negatively associated with bone turnover, and positively associated with BMD 
(Hoeg et al., 2012). In rats on a selenium-deficient diet, selenium supplementation 
enhanced bone formation (Yao et al., 2012).
5.1.4 Fruit, vegetables, dietary patterns and bone health
There is a growing body of evidence suggesting that high fruit and vegetable intakes 
may be beneficial to bone health in adults (New et al., 2000; Nieves et al., 2010; 
Tucker et al., 1999) and children (McGartland et al., 2004; Vatanparast et al., 2005). 
Dietary intake influences acid-base balance within the body (Bushinsky, 2001). 
There is evidence of the release of alkaline bone mineral in response to acidosis to 
maintain homeostasis (Arnett, 2003). Therefore, a diet high in alkaline-producing 
foods such as fruit and vegetables may be protective to bone health (New et al.,
2000). Evidence from the Framingham osteoporosis study identified associations 
between base-forming foods, such as fruit and vegetables, and BMD (Tucker et al.,
2001). A low dietary acid load was positively associated with bone ultrasound in
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elderly women (Wynn et al., 2008). In a Canadian study investigating factors 
influencing bone mass accrual, fruit and vegetable intakes, alongside calcium intake 
and physical activity, were associated with BMC in boys aged 8  20 y (Vatanparast 
et al., 2005). Two recent studies have identified dietary patterns (which include a 
variety of dietary components) that were associated with bone health 
(McNaughton et al., 2011; Whittle et al., 2012). Specifically, a high intake of refined 
foods, soft drinks, processed meats and takeaways, and a low consumption of 
vegetables were inversely associated with BMC in adult women (McNaughton et al.,
2011). A diet high in refined foods (puddings, crisps, chips, confectionery, 
chocolate and soft drinks) was associated with lower BMC in young adult males 
(Whittle et al., 2012).
5.1.5 Fizzy drinks and bone health
Intakes of carbonated soft drinks (fizzy drinks) have been investigated in relation to 
bone health (Amato et al., 1998; McGartland et al., 2003; Milne and Nielsen, 2000; 
Tucker et al., 2006). A high intake of fizzy drinks was associated with lower BMD in 
adolescent girls but not boys (McGartland et al., 2003). When fizzy drinks were 
sub-divided, consumption of non-cola drinks and diet drinks were inversely 
associated with BMD, but not cola or non-diet drinks (McGartland et al., 2003). In 
contrast, a study in older women reported a relationship between cola 
consumption, but not the consumption of other fizzy drinks, and BMD (Tucker et 
al., 2006). In rats, ad libitum cola consumption compared with ad libitum water 
consumption, was associated with alterations in calcium and phosphate 
metabolism, with possible implications for bone health (Amato et al., 1998). 
Several explanations for the effects of fizzy drinks on bone health have been 
proposed. The phosphoric acid in cola drinks may be detrimental to bone health 
(Amato et al., 1998) possibly through the acid-base homeostasis mechanism 
described above. A high intake of fructose, found mainly in soft drinks, has been 
reported to have a negative effect on calcium and phosphate metabolism (Amato et 
al., 1998). A review of the literature on caffeine intake and bone health concluded 
that caffeine may have a small negative effect on bone health, particularly if
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calcium intake is low, and that the effect is more pronounced in the elderly (Massey 
and Whiting, 1993). However, an alternative explanation is the displacement of 
more nutritious beverages from the diet such as fruit juice or milk (Fitzpatrick and 
Heaney, 2003).
5.1.6 Physical activity and bone health
There is evidence that physical activity has a positive effect on bone health (Recker 
et al., 1992; Valimaki et al., 1994), where activity initiated pre-puberty is especially 
important in the development of PBM (Barr and McKay, 1998). Calcium intake and 
physical activity may have an interactive effect on bone health, such that adequate 
calcium intake, above a certain threshold, is required for the modifying effects of 
physical activity on bone to be realised (Baxter-Jones et al., 2003; Harvey et al.,
2012). Past exercise levels were positively related to BMD in male and female army 
recruits (Cline et al., 1998; Ruffing et al., 2006). Ultrasound studies of bone have 
shown associations between physical activity level and bone quality in adults and 
adolescents (Messenger et al., 1998; Novotny et al., 2004).
Low previous exercise level has previously been investigated as a risk factor for 
stress fracture during military training (Armstrong et al., 2004; Finestone et al., 
2011; Gardner et al., 1988; Lappe et al., 2001; Valimaki et al., 2005). Evidence 
suggests that regular participation in activities involving impact, such as running 
and ball sports, may be most protective against stress fracture (Armstrong et al., 
2004; Finestone et al., 2011; Lappe et al., 2001). However, a large study on over 
3000 US Marines reported a strong association between low overall activity level 
prior to military training and increased risk of stress fracture (Gardner et al., 1988).
5.1.7 Smoking and bone health
Cigarette smoking has been shown to be negatively associated with PBM, BMD and 
bone injury (Rudang et al., 2012; Taes et al., 2010; Valimaki et al., 1994). In later 
life, smoking has been linked with an with increased risk of osteoporotic fracture 
(Law and Hackshaw, 1997). Nevertheless, smoking as a risk factor for stress
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fracture has not been consistently demonstrated. Some studies in the military 
literature have identified a link with stress fracture (Altarac et al., 2000; Lappe et 
al., 2001), and others have not (Valimaki et al., 2005). There was no association 
between smoking and stress fracture in the study reported in Chapter 3 of this 
thesis. The lack of a link between smoking and stress fracture in the Finnish study 
(Valimaki et al., 2005) and the study reported in Chapter 3 may be attributable to 
the small numbers of stress fractures reported in these two studies (n=15 and n=30 
respectively). In contrast, in a study involving 3758 female navy recruits, those who 
developed a stress fracture during the eight week training programme (n=319) 
were more likely to report a history of smoking than recruits who did not develop a 
stress fracture during training (Lappe et al., 2001). In another large study in the US 
(n=1087 males and n=917 females), a history of smoking was associated with an 
increased risk of overuse injuries, including stress fracture (Altarac et al., 2000).
5.1.8 Aims and hypotheses
The aim of this chapter was to investigate the influence of previous nutrition and 
lifestyle on bone health and stress fracture risk. Thus, this chapter addressed the 
following research questions:
a. Does past diet (with particular emphasis on dairy, fruit, vegetables and 
fizzy drinks) influence bone quality and stress fracture risk of RM 
recruits?
b. Does past physical activity and lifestyle influence bone quality and 
stress fracture risk of RM recruits?
c. Does BUA predict stress fracture risk?
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Hypotheses
^Hi: Past diet (with particular emphasis on dairy, fruit, vegetables and fizzy 
drinks) will be related to bone quality (BUA)
^Hi: Past physical activity and lifestyle will be related to bone quality (BUA) 
^Hi: BUA will predict stress fracture risk
^Hi: Past diet (with particular emphasis on dairy, fruit, vegetables and fizzy 
drinks) will be related to stress fracture risk 
^Hi: Past physical activity and lifestyle will be related to stress fracture risk
5.2 Methods
5.2.1 Research participants
Recruits from twenty troops of RM recruits, who commenced training between 
Sept 2009 and July 2010 (Troop 997 through to Troop 116 inclusive), were invited to 
participate in the study. A sample size of 1000 recruits was determined from a 
consideration of previous studies on stress fracture prevalence in RM recruits 
(between 4% and 7%) (Munnoch and Bridger, 2005; Ross and Allsopp, 2002), such 
that of the order of 50 recruits were likely to suffer a stress fracture during RM 
training. All recruits had successfully completed the PRMC and were deemed 
medically fit and healthy for training following medical screening at the AFCO and 
again at CTCRM if required. Recruits were excluded from the study if the IMO or 
the training team deemed them unsuitable; there were no exclusions at the Start of 
Training based on these criteria. Recruits were provided with a brief on the project 
during week- 1  of training, which included a full description of the study and the 
measures to be taken. It was explained that participation in the study was 
voluntary, and that non-participation would not adversely impact upon a recruit's 
training outcome. There was also an opportunity for recruits to ask questions, 
either in the group or in private, of the study team and/or the IMO. Written 
informed consent was obtained from all volunteer recruits; n=23 recruits declined 
to participate in the study. The methods and procedures undertaken in this study 
were approved by the MODREC (Appendix J).
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5.2.2 Procedures
In the first week of training, recruits completed the Food Frequency Questionnaire 
(FFQ) during a dedicated training period scheduled into the working day of recruit 
training. Full instructions were provided to recruits at the start of the session, and 
the investigator was available to respond to questions. The FFQ has been 
previously validated for use with MOD personnel in a study undertaken at RAF 
Flalton (Leiper et al., 2009). Completion of the FFQ takes a mean time of 22 ± 8  min 
(Leiper et al., 2009). The questions in the FFQ were designed to look at three 
specific ages and time points: childhood ( 0  -  1 2  y); adolescence ( 1 2  -  18 y); and in 
the weeks prior to commencing RM training. Data from the FFQ was analysed to 
provide a full nutritional breakdown of the pre-RM diet, and to classify respondents 
into low, medium and high consumers of a variety of foods for 0  -  1 2  y and 1 2  -  18 
y. Questions were also included which addressed previous physical activity levels, 
and lifestyle risk factors (e.g. smoking habits) for bone injury. Questions relating to 
female-specific bone injury risk factors (e.g. use of female oral contraceptives) in 
the validated questionnaire were removed from the version administered at 
CTCRM as females are not eligible to undertake RM recruit training.
In week-2, each recruit completed a Supplements and Smoking Questionnaire 
(Appendix G), and a Health History Questionnaire (HHQ) (Appendix F). The HHQ 
detailed pre-joining health status, injury incidence, physical fitness training and 
sports participation. Each recruit also underwent measurement of height and body 
mass (as described in Chapter 3), and BUA measurement of the caicaneus of both 
feet as described in the test-retest reliability study described in Chapter 4. Fitness 
assessment results from week-1 were collated from the CTCRM PT Branch.
A 7 ml non-fasted blood sample was drawn by medical personnel, using serum 
separation vacutainers, at the Start, Middle and End of Training. These samples 
were left to clot for 1 hour, after which they were centrifuged (at 5000 rpm for 15 
min within 1  -  2 h of sample draw). The serum was subsequently aspirated and 
stored in four plastic 1.5 ml Eppendorf tubes at -20 °C. Coded serum samples were
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transported in a frozen state from CTCRM to the Institute of Naval Medicine, 
Gosport, UK, and were stored at -80 prior to subsequent analysis. Serum 
samples were assayed for magnesium, zinc, copper and selenium by ICP-MS 
(Thermo XI ICP-MS) at the University of Surrey, Guildford, UK. The samples and 
calibration standards were diluted using 0.5% (v/v) nitric acid containing an internal 
standard and the calibration standards were prepared containing bovine calf serum 
to correct for sample matrix effects. Internal quality control samples were analysed 
alongside the samples and analysis was only undertaken if the IQC samples were 
within the stated ranges. The methods used are documented in standard operating 
procedures and the work is accredited by CPA (UK). Tandem analysis of 25-OH- 
vitamin D3 and 25-OH-vitamin D2 (as a marker of vitamin D status), was conducted 
by mass spectrometry using the reagent 62000 MassChrom (Chromsystems, 
Germany) at the Vitamin D research Laboratory, School of Biomedicine, Manchester 
University, Manchester, UK. In a sub-sample of stress-fractured and non-stress 
fractured recruits serum samples were assayed for C-telopeptide of collagen cross­
links (CTx), as a marker of bone resorption, using the serum Crosslaps kit, 
(Immunodiagnostic Systems Limited, Boldon, UK). This analysis was conducted at 
the Bone Biology Laboratory at University College London, UK.
5.2.3 Diagnosis o f stress fractures
Stress fractures were diagnosed in accordance with CTCRM Clinical Guideline no . 8  
(Appendix H). Diagnosis was based on a positive X-Ray or MRI scan. Depending on 
the site, a negative initial X-Ray was followed up by a further X-Ray or a MRI scan. 
All stress fractured recruits, except those diagnosed in week-32 were transferred to 
Hunter Company for rehabilitation.
5.2.4 Data analysis
Statistical analysis was undertaken using the statistics package, SPSS (Version 17.0, 
2010). Data were analysed for normality (i.e. skewness and kurtosis) using the K-S 
test and equality of variances, after which descriptive statistics were determined on 
the data. Confidence limits (±95%) were also determined where appropriate to
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allow comment to be made on individual data in relation to the total sample. 
Significance value was accepted as P < 0.05. An Independent-Sample T-Test was 
used to test for differences in dependent variables (FFQ. data and BUA) between 
stress fractured recruits and non-fractured recruits. The BUA data were correlated 
(Pearson's Product Moment Correlation Coefficient, r) with physical characteristics 
and years of smoking to determine if there were any associations. Linear regression 
was undertaken to identify the key independent factors influencing bone strength. 
Logistic regression analyses (Enter method) were undertaken to identify the key 
independent predictors of stress fracture.
From the FFQ, patterns of food intake data during childhood and adolescence were 
categorised into low, medium and high intakes as this is an appropriate way of 
analysing FFQ data (Willett and Stamper, 1998). Categorisation was assigned 
following initial exploration of the distribution of intakes to give three roughly equal 
groups in terms of numbers, but keeping the cut-offs between levels of intake as 
whole numbers for the frequency of intakes. Categorisation was as follows: milk -  
low (<285 ml.d'^), medium (285 -  851 ml.d'^), high (>851 ml.d'^); fruit, vegetables 
and fizzy drinks -  low ( 0 - 3  times.week"^), medium ( 4 - 5  times.week'^), high ( > 6  
times.week'^). For the pre-CTCRM diet, milk intake was categorised as above, while 
cola drink consumption was categorised as for fizzy drinks (see above). Fruit and 
vegetable intakes in the pre-CTCRM diet were reported as portions.week"^ rather 
than times.week"^ and were categorised as follows: Low (0 -  10 portions.week'^), 
medium (11 -  20 portions.week'^), high (>21 portions.week'^. From the pre-CTCRM 
diet reported on the FFQ, nutrient intakes were determined, and these were 
adjusted for energy intake by reporting nutrient intake per 1000 kcal. Spearman 
rank correlations between energy-adjusted nutrients and BUA were performed to 
identify any relationships. In addition to treating nutrient intakes as continuous 
variables, intakes were divided into quartiles for further analysis. Analysis of 
variance (ANOVA) was conducted to assess differences in BUA between quartiles of 
nutrient intakes and low/medium/high intakes of foods.
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5.3 Results
5.3.1 Research participants
From the cohort of n=1103 recruits from 20 troops (troop 997 -  troop 116), n=1090 
recruits consented to participate. Of this study sample, n=346 recruits (32%) 
completed training with their original troop. Data collection ceased with 116 troop, 
but recruits remaining at CTCRM continued to be tracked until the end of the 
summer term 2011. As of Aug 12 2011 (20 weeks after the last study troop 
completed training): n=565 recruits (52%) had successfully passed out of training; 
n=91 (8 %) had been medically discharged from training; n=45 recruits (4%) had 
been discharged for professional reasons; n=321 recruits (29%) had opted out of 
training through Premature Voluntary Release (PVR). One recruit sadly died of 
meningitis, one recruit transferred to Young Officer (YO) training , leaving n= 6 6  
recruits (6 %) still at CTCRM. For the purposes of the following analyses, those 
recruits still at CTCRM on Aug 12 2011 were regarded as having not completed 
training. In terms of ethnicity, five recruits were Afro-Caribbean; fourteen were 
mixed race White/Afro-Caribbean; four recruits were Asian; three recruits were 
mixed race White/Asian; and the remaining 1064 recruits were White.
5.3.2 Physical characteristics and fitness data
The physical characteristic data are presented in Table 5.1. No physical fitness data 
were available for Troop 116 at the Start o f Training, as these data were not 
archived by the PTI. The mean age of a recruit at the Start o f Training was 21 ± 3 y.
126
Chapters
Table 5.1 Physical and fitness data for RM recruits at the Start of Troinina.
Mean SD Median Range
Age (y) 2 1 3 2 0 16-32
Height (m) 1.77 0.06 1.77 1.59-2.00
Body Mass (kg) 74.7 7.7 74.2 57.5-103.7
BMI (kg.m"^) 23.8 2 . 0 23.7 19-31
MSFT 11.9 - 1 1 . 8 8.9-15:1
V0 2 max(rnl.kg‘  ^min'^) 52.8 3.2 52.5 42.7-64.3
Press Ups (count) 46 1 0 45 13-60
Sit Ups (count) 6 8 15 69 15-85
Pull Ups (count) 8 3 8 0-16
Non-smoker % 66.3
Current smoker % 1 1 . 2
Ex-smoker % 22.5
5.3.3 Food frequency questionnaire -  dietary intake
Recruits were classified as under-reporters if the ratio of reported Energy Intake: 
Calculated Basal Metabolic Rate (EI:BMR) was more than 1 SD below the mean for 
the pre-RM diet, or over-reporters if they had and EI:BMR was more than 2 SD 
above the mean. This gave an acceptable range of reported energy intake as 1.09 -  
3.15 times the BMR. Of the 1028 recruits who completed the FFQ, 44 were 
excluded for over-reporting, and 114 recruits were excluded for under-reporting, 
providing a total of 870 recruits (85%) within the acceptable range for EI:BMR. An 
analysis of self-reported dietary intake in the weeks prior to joining CTCRM is 
presented in Table 5.2. There was considerable variation in the self-reported intake 
of all nutrients. The mean energy intake was 13730 ± 3710 kJ.d' .^ When expressed 
as a percent of the total energy intake, the mean macronutrient intakes from 
protein, fat and CHO were 16 ± 3%, 36 ± 5% and 42 ± 5% respectively. Table 5.3 
presents the intakes for a range of food items from childhood, adolescence and 
during the weeks prior to commencing RM training. The range for each category 
(except milk) was zero to eight, reflecting how many times per week a food type 
was consumed, with 'eight' representing more than once a day. Milk intake (ml)
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was estimated from the FFQ.
Table 5.2 Energy and nutrient intake of RM recruits prior to the Start of Training 
(n=870).
Mean ± SD Median Range RNI
%
consuming
<RNI
Energy (kJ) 13730 ± 3710 13058 7721-26376
Energy (kcal) 3270 ±885 3110 1838-6297
Macronutrients
Fat (g) 134 ± 46 126 44-334
Fat (% energy) 36 ± 5 37 15-56 <30
SPA (g) 58 ±23 53 13-174 -
SPA (% energy) 16 ± 3 16 6-26 <10
Protein (g) 131 ± 35 126 63-279
Protein (% energy) 16 ± 3 16 8-29
CHO (g) 363 ± 104 347 134-735
CHO (% energy) 42 ± 5 42 21-58
Sugars (g) 166 ± 50 158 50-417 -
Sugars (% energy) 20 ± 4 20 10-32 <10
Alcohol (g) 26 ±2 7 20 0-246 -
NSP (g) 20 ± 7 19 6-48 18 42
Vitamins
Thiamin (mg) 2.2 ±0 .6 2.2 0.7-4.8 1.0 <1
Riboflavin (mg) 3.8 ±1 .0 3.7 1.0-7.4 1.3 <1
Niacin (mg) 31.6 ±9 .2 30.0 14.0-65.3 17 2
Tryptophan 28.1 ± 7.4 27.0 12.8-57.4 -
Polate (pg) 423 ± 115 406 176-853 200 <1
Vit B6 (mg) 3.5 ±0 .9 3.4 1.5-6.6 1.4 0
Vit B12 (pg) 15.9 ± 8 .4 13.8 3.9-71.2 1.5 0
Pantothenate (mg) 10.1 ± 2 .6 9.9 3.9-19.1 -
Biotin (pg) 64.5 ± 18.2 62.0 25.5-126.3 -
Vit C (mg) 138 ±4 8 132.4 30.2-357.9 40 <1
Retinol Equiv (pg) 1351 ±1010 1080 311-8202 700 19
Vit D (pg) 6.2 ±3 .2 5.6 0.6-19.1 -
Vit E (mg) 11.0 ±4 .7 10.5 3.1-41.3 -
Vit K (pg) 78.4 ±32 .7 75.8 8.7-164.7 -
Minerals
Sodium (mg) 3813 ±1187 2592 1105-8956 1600
Potassium (mg) 4673 ±1134 4542 2224-8644 3500 15
Calcium (mg) 1717 ±482 1689 496-3225 1000/700 2 /< l
Magnesium (mg) 456 ±118 437 211-930 300 7
Iron (mg) 18.3 ± 6.3 17.3 5.4-52.8 11.3/8.7 9 /< l
Zinc (mg) 15.5 ± 4.1 14.7 7.5-32.2 9.5 4
Selenium (pg) 82.0 ±33 .0 76.6 23.8-256.3 75 48
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5.3.4 Food frequency data -  physical activity
Table 5.4 presents data describing the self-reported physical training of volunteers 
prior to joining RM training. There was considerable variation in these self- 
reported data for all variables describing the training load of volunteers prior to 
commencing RM training (i.e. number of weeks of training, exercise type, frequency 
and duration of sessions). The number of training sessions per week prior to 
commencing RM training was associated with aerobic fitness, press-up count and 
sit-up count at the Start o f Training (r = 0.17, r = -0.07, and r = 0.09, respectively; 
P<0.05). However, these associations between greater pre-CTCRM physical training 
frequency and stronger performances on measures of fitness at the Start of 
Training did not translate into improved training success. There were no 
differences in self-reported pre-RM physical training between those who completed 
RM training and those who failed to complete training.
training.
Pre-RM Physical 
Training (weeks)
Frequency of Training 
Sessions (count per 
week)
Weekly Training 
Volume (min)
Median 2 0 5 360
Minimum 0 1 50
Maximum 104 2 1 1260
5.3.5 Smoking
Smoking status at the Start of Training was reported for n=1014 recruits; n=672 
(6 6 %) recruits were self-reported non-smokers, n=114 (11%) were current smokers, 
and n=228 (23%) recruits reported to be ex-smokers. The mean age for starting 
smoking was 15 ± 1 y, with the youngest age reported for starting smoking being 9 
y of age. The mean time that recruits had spent smoking was 5 ± 3 y (range: 0.5 to 
21 y). Table 5.5 presents the physical fitness characteristics at the Start o f Training
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in relation to smoking status. At the Start o f Training non-smokers had a higher 
aerobic fitness and performed more press ups and sit ups than current smokers 
(P<0.05).
Table 5.5 Physical fitness in relation to smoking at the Start ofTrainina.
MSFT V0 2 max(ml.kg'^ min'^)
Press Ups 
(Count)
Sit Ups 
(Count)
Pull Ups 
(Count)
Non-Smoker 1 1 . 1 1 53.3 ±3.2*' 46 ±9 69 ± 15 * 8 ± 3
Current Smoker 11.4 51.5 ±3.1 44 ±9 60 ±15 8 ± 2
Ex-Smoker 1 1 . 8 52.4 ± 2.9* 45 ±10 69 ± 14* 8 ± 3
Notes: MSFT -  Multi Stage Fitness Test
* Significantly different to current smokers (P<0.05) 
Significantly different to ex-smokers (P<0.05)
5.3.6 Micronutrien t status
A non-fasted blood sample was drawn in the afternoon of the second day of RM 
training for determination of micronutrient status (the samples drawn at the 
Middie and End o f Training have not so far been analysed for the determination of 
micronutrient status). The micronutrient status of recruits (n=1039) at the Start of 
Training is reported in Table 5.6. When the micronutrient status was matched to 
data from the FFQ (n=870), there was no association between past diet and un­
fasted serum magnesium, zinc, copper or selenium concentrations. Additionally, 
the serum concentrations of these minerals did not differ with respect to training 
success or stress fracture risk. However, n=168 recruits had a low zinc status at the 
Start o f Training (below 11 pmol.L'^).
5.3.7 Vitamin D status
Serum 25-hydroxy vitamin D (i.e. 25(OH)D) concentration, as a precursor for the 
active form of vitamin D, was assessed in recruits at the Start of Training. A serum 
25(OH)D concentration of 25 nmol.L'^ is the current threshold for defining vitamin
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D deficiency in the UK (Committee on Medical Aspects of Food Policy, 1998). The 
prevalence of a serum 25(OH)D concentration below 25 nmol.L'^ at the Start o f 
Training across the year was 4%. The prevalence of a serum 25(OH)D concentration 
below 25 nmol.L'^ was greatest in recruits who started training in the winter months 
(i.e. January 10% of recruits started training with low serum 25(OH)D status; 
February 13%; March 11%) (Figure 5.2). The mean serum 25(OH)D concentration in 
recruits who started RM training in the winter months was 51.3 ± 28.7 nmol.L"\ 
compared with 77.8 ± 25.8 nmol.L'^ in recruits joining CTCRM in the summer 
months (i.e. July and September) (Note that no troops start training at CTCRM in 
August due to summer leave). The relationship between 25(OH)D status and stress 
fracture risk is reported in Section 5.3.14 and Figure 5.3.
Table 5.6 Micronutrient status of RM recruits at the Start ofTrainina.
Mg
(pmol.L'^)
Zn
(pmol.L'^)
Cu
(pmol.L'i)
Se
(pmol.L'^)
25(OH)D
(nmol.f^)
Mean (SD) 0.95 (0.08) 12.4 (2.7) 14.1 (4.5) 1.18 (0.16) 69.2 (29.2)
Minimum 0.50 0.53 6 . 1 0.49 8.5
Maximum 1 . 2 2 42.30 137.0 1 . 8 8 245.0
95% Cl ± 0 . 0 1 ± 0 . 2 ± 2 . 0 ± 0 . 0 1 ± 1 . 8
Normal
Range 0.65 -1.00 11.0-24.0 1 1 .0 - 1 2 0 . 0 0.89-1.65 >25nmol.L' ‘^
Note: i. Threshold for deficiency (Committee on Medical Aspects of Food Policy, 1998)
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Figure 5.2 Serum 25(OH)D deficiency (<25nmol.L'^) at the Start of Training in 
relation to month of starting training.
5.3.8 Bone quality
Table 5.7 presents the BUA data for all recruits at the Start of Training. Data are 
reported relative to foot dominance (right or left). The mean BUA measurement 
for the dominant foot was 98.2 ± 18.5 dB.MHz'^ (minimum 54 dB.MHz'^; maximum 
166 dB.MHz’ )^. The mean BUA measurement for the non-dominant foot was 96.0 ±
18.5 dB.MHz'^ (minimum 52 dB.MHz'\- maximum 157 dB.MHz'^). This was 
significantly lower than for the dominant foot (mean difference 2.2 ± 14.4 dB.MHz' 
P<0.001). From the study sample, 908 recruits reported being right-footed, 112 
recruits were left-footed and 16 recruits favoured neither foot (data from these 
recruits have been listed as right-footed). BUA of the calcaneus of the dominant 
foot was investigated in relation to other factors, as is the convention in the 
literature (Chatzipapas et al., 2008; Howard et al., 1997; Valimaki et al., 2006).
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Table 5.7 BUA of the calcaneus in RM recruits.
BUA BUA
Dominant Non-dominant
Dominance n (dB.MHz'i) (dB.MHz'^)
Right 904 98.4 ±18.7 95.7 ± 18.4
Left 1 1 2 98.0 ±18.6 98.6 ±19.5
Both 16 89.2 ±18.3 (R) 88.7 ± 16.9 (L)
All
Mean (SD) 
Minimum 
Maximum 
95% Cl
1032
98.2 ± 18.5 
54
166
± 1 . 1
96.0 ±18.5 
52
157
± 1 . 1
5.3.9 Associations between bone quaiity and non-dietary factors 
The physical characteristic data were correlated (Pearson's Product Moment 
Correlation Coefficient, r) with the BUA data to examine associations with bone 
status (Table 5.8). Aerobic fitness and body mass were significantly but weakly 
associated with BUA (P<0.05). Whilst there was no association between age and 
BUA, recruits aged 18 y or less had lower bone quality than older recruits (BUA 94.6 
dB.MHz'^ ± 15.6 vs. 98.2 dB.MHz'^ ± 17.4; P<0.05). There were no associations 
between duration, frequency or type of physical training undertaken prior to 
starting RM training and bone quality.
Bone quality in relation to smoking habit is presented in Table 5.9. When recruits 
with a history of smoking (current smokers and ex-smokers) were grouped, an 
independent sample T-test indicated a trend towards a lower BUA score in those 
recruits with a history of smoking, compared with recruits who had never smoked 
(P<0.06). There were no associations between years of smoking or current number 
of cigarettes smoked and bone quality.
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Table 5.8 Correlation coefficients between bone quality and non-dietary factors.
r
BUA
P
Age <19 y -0.09 0.03
Body Mass (kg) 0.09 <0 . 0 1
Height (m) 0 . 0 2 0.61
BMI (kg.m^) 0.09 <0 . 0 1
VOzmax (ml.kg.min'^) 0 . 1 2 <0 . 0 0 1
Table 5.9 BUA in relation to smoking status at the Start ofTrainina.
BUA (dB.MHz- i \
Non-Smoker 99.0 ±18.3
Current Smoker 96.6 ±18.4
Ex-Smoker 96.4 ± 19.1
5.3.10 Associations between bone quaiity and past dietary intake
Associations between diet during childhood and adolescence and BUA are 
presented in Table 5.10. Self-reported childhood milk consumption, and adolescent 
fruit and vegetable consumption, were positiveiy associated with BUA (P<0.05). 
When aerobic fitness and body mass were controlied, associations between both 
fruit and vegetable intakes during adolescence and BUA were still evident (P<0.05). 
A one-way analysis of covariance (ANCOVA) was conducted to compare BUA 
between high, medium and low consumption of various foods (Figure 5.3). Body 
mass and estimated aerobic fitness were entered as covariates. After adjustment 
for body mass and aerobic fitness, there was a significant difference in BUA 
between high vs. low consumers of vegetables during adolescence (F=3.3, P=0.04, 
partial eta squared = 0 .0 1 ).
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There were no associations between bone quality and dietary intake in the weeks 
prior to joining CTCRM. When the pre-CTCRM diet was analysed for nutrient 
intakes, there were no associations between unadjusted or energy-adjusted 
nutrient intakes and bone quality. When nutrient intakes were divided into 
quartiles, analyses of variance revealed no differences in BUA between quartiles of 
nutrient intakes.
consumption of specific foods during childhood and adolescence.
BUA
r unadjustedP
adjusted
P‘
Milk(ml.d'^) 0.07 0.03 0.06
Childhood
0 - 1 2 y Vegetables (times.wk'^) 0.05 0.16 0.16
Fruit (times.wk'^) 0.06 0.06 0.07
Milk{ml.d'^) 0 . 0 2 0.50 0.50
Adolescence 
12 -1 8  y Vegetables (times.wk'^) 0.08 0.03 0 . 0 2
Fruit (times.wk'^) 0.07 0 . 0 2 0.03
Milk (ml.d'^j <0 . 0 1 0.83 0.50
Pre-CTCRM Vegetables (portions.wk'^) 0.05 0.13 0.19
Fruit (portions.wk'^) 0.04 0.29 0.23
Note: I. adjusted for body mass, age and fitness
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Figure 5.3 BUA in relation to low, medium and high consumption of specific foods 
during childhood and adolescence.
Note: significantly different from a low intake (P-O.OS)
5.3.11 Factors influencing bone quality
The relative importance of body mass, age (under 19 y vs. 19+ y), aerobic fitness, 
smoking history and diet (i.e. median split vegetable and fruit intakes during 
adolescence ( 1 2  -  18 y) to bone health was assessed (standard linear regression 
analysis -  enter method) (Table 5.11). A higher levei of aerobic fitness, a greater 
intake of vegetables during adolescence, and being at least 19 y of age at the Start 
of Training were all predictors of bone strength from this model. However, this 
model only accounted for 4.5% of the variance in bone strength between RM 
recruits.
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There was no association between serum 25{OH)D concentration at the Start o f 
Training and bone quality. However, recruits with a serum 25{OH)D concentration 
below 75 nmol.L"^ had lower BUA scores than recruits with serum 25(OH)D of at 
least 75 nmol.L'^ (97.0+17.8 vs. 99.9±19.1; P<0.05).
Table 5.11 Linear regression for predictors of bone gualitv assessed bv BUA 
(n=871).
95% Cl for B
B(SE) StandardisedB t P Lower Upper
Aerobic Fitness 0.709 (0.203) 0.125 3.499 <0 . 0 0 1 0.311 1.108
Body Mass 0 . 1 0 1  (0.088) 0.042 1.151 0.250 -0.071 0.273
Smoking History -2.546(1.389) -0.066 -1.833 0.067 -5.273 0.180
Age <19 y -3.937(1.461) -0.097 -2.695 0.007 -6.804 -1.069
Vegetable Intake 
(12-18 y)’ 3.465 (1.412) 0.093 2.453 0.014 0.692 6.237
Fruit Intake 
(12-18 y)‘
-0.190
(1.404) -0.005 -0.136 0.892 -2.946 2.565
Note: I. Median split.
5.3.12 Stress fracture
A total of 73 recruits (prevalence = 6.7%) suffered a total of 8 6  confirmed stress 
fractures. A further n=2 recruits suffered a total of n=3 tibial stress responses 
deemed severe enough for the recruits to be removed from training and undergo 
progressive rehabilitation in Hunter Company. For analysis purposes, all cases were 
included. Table 5.12 details the sites of the stress fractures experienced by RM 
recruits. Descriptive data for stress fractured and non-fractured recruits are 
reported in Table 5.13.
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Table 5.12 Sites of stress fractures in RM recruits.
Number of recruits with 
stress fracture
Number of stress 
fractures
Metatarsal 41 46
Tibia 28 31
Fibula 2 2
Femur 7 7
Neck of Femur 4 4
Total 75 90
Notes: 3 recruits suffered stress fractures of the tibia and femur
1 recruit suffered bilateral metatarsal stress fractures and a stress fracture of the femur 
1 recruit suffered bilateral metatarsal stress fractures, one of the femur and one of the tibia
3 recruits stress fractured 2"'* and 3'  ^metatarsals 
3 recruits suffered bilateral tibial stress fractures
Table 5.13 Anthropometric and fitness data of stress fractured and non-stress 
fractured recruits at the Start o f Training.
Stress fracture (n=75) Non-stress fracture (n=952)
Mean ± SD Median (Range) Mean ± SD Median (Range)
Age (y) 21.9 (3.5) 2 0 (1 6 -3 2 ) 21.8 (3.1) 2 0 (1 6 -3 2 )
Height (m) 1.76 ±0 .06 1 .7 6 (1 .6 4 -1 .9 2 ) 1.77 ±0 .06 1 .7 7 (1 .5 9 -2 .0 0 )
Body mass (kg) 72.2 ±7 .9
71.0 (5 7 .5 -  
103.7) 74.9 ± 7.6
74.6 (5 7 .7 -  
102.2)**
BMI (kg.m'^j 23.3 ±2 .0 2 3 .1 (2 0 .0 -3 0 .8 ) 23.8 ± 2 .0 2 3 .7 (1 8 .7 -3 0 .9 )* *
VOzmax (ml.kg'^min'^) 52.2 ±3 .0 51.9 (4 5 .8 -5 9 .3 ) 52.9 ±3 .2 52.9 (4 2 .7 -6 4 .3 )
Current smoker 7% 11%
History of smoking 39% 31%
Ethnicitv:
Black 1 (1.3%) 4 (0.4%)
Mixed
Black/Caucasian
2 (2.7%) 12 (1.2%)
Asian - 4 (0.4%)
Mixed
Asian/Caucasian -
3 (0.3%)
Caucasian 72 (96%) 952 (94%)
Note: * *  Significantly different to stress fractured recruits (P<0.01)
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5.3.13 Bone quality and risk o f stress fracture
Stress fractured recruits had lower bone quality of the dominant foot compared 
with non-fractured recruits (93.6 ± 17.7 db.MHz'^ cf. 98.5 ± 18.4 db.MHz'^), though 
this difference was less than the coefficient of variation (9%) for BUA identified in 
Chapter 4. Therefore this difference could be due to the variance in the method 
rather than a true biological difference. There was no difference for the non­
dominant foot. Table 5.14 presents the Relative Risk (RR) of a stress fracture 
relative to quintiles of BUA of the dominant foot. Recruits with the lowest BUA 
scores experienced 2.3 times the risk of stress fracture compared with recruits with 
the highest BUA scores.
Table 5.14 Stress fracture risk in relation to quintiles of BUA.
BUA Quintile Stress fracture n (%) RR (95% Cl)
1 (Lowest) 21 (9.8%) 2.30 (1.10-4.84)*
2 13 (6.4%) 1.49 (0.67-3.35)
3 15 (7.5%) 1.76 (0.80-3.86)
4 17 (8.4%) 1.96(0.92-4.23)
5 (Highest) 9 (4.3%) 1 . 0 0
Note: * Significantly different to BUA quintile 5 (P<0.05)
5.3.14 Past diet and risk of stress fracture
Of the 870 participants who were included in the analyses of the FFQ data, 62 
recruits (i.e. 7.1%) went on to suffer a stress fracture. From the group of recruits 
who experienced a stress fracture (n=75), n=13 recruits were not included in this 
data set as n=4 recruits were categorised as OR and n=9 recruits were categorised 
as UR. Table 5.15 presents the relative risk of stress fracture of low and moderate 
consumption of specific foods compared with high intakes. Compared with a high 
intake of milk during childhood, a low or moderate intake of milk was associated 
with an increased risk of stress fracture (RR 3.2 (Cl 1.5 -  6.7) and RR 2.4 (Cl 1.2 -  
5.2) respectively). Conversely, a low consumption of fizzy drinks during
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adolescence, compared with a high consumption of fizzy drinks, was associated 
with reduced risk of stress fracture (RR 0.6 [Cl 0.4 -1 .0 ]).
With regards to the recruits' habitual diet prior to commencing RM training, FFQ 
data were analysed relative to food groups (e.g. dairy, meat, vegetables, fruit, 
confectionary, fizzy drinks, and alcohol) and nutrient intakes. The intake of ali food 
groups and nutrients were similar between recruits who suffered a stress fracture 
during training and those who did not. However, recruits reporting a diet which 
contained less than 1 0 0 0  mg of calcium per day had a 1 . 6  times greater risk of 
stress fracture (Cl 1.0 -  2.1) compared with recruits who routinely consumed more 
that 1000 mg of calcium per day. There were no further associations between 
nutrient intakes and stress fracture risk.
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5.3.15 Vitamin D status and stress fracture risk
Serum 25(OH)D concentration was measured as a marker of vitamin D status. 
Various thresholds for deficiency/insufficiency have been proposed, ranging from 
25 nmol.L'^ to 100 nmol.L'^ (Burgi et al., 2011; Committee on Medical Aspects of 
Food Policy, 1998; Institute of Medicine, 2011; Ruohola et al., 2006; Zittermann, 
2003). When the UK threshold of 25 nmol.L'^ was applied to define 25(OH)D 
deficiency (Committee on Medical Aspects of Food Policy, 1998), the relative risk 
(RR) of stress fracture was 2.0 times greater than for recruits who started training 
with a serum 25(OH)D concentration of greater than or equal to 25 nmol.L'^ 
(prevalence of stress fracture was 12%). Flowever, the number of recruits who had 
a serum 25(OH)D concentration below 25 nmol.L'^ was relatively few (n=42), such 
that this difference in fracture risk was not statistically significant (Cl 0.8-4.2). 
When the Institute of Medicine (lOM) threshold of 50 nmol.L'^ 25(OH)D for 
optimising bone health was applied (Institute of Medicine, 2011), a higher 
proportion of recruits who suffered a stress fracture during training had a serum 
25(OH)D concentration below 50 nmol.L'^ at the Start o f Training compared with 
those who did not develop a stress fracture (40% vs. 28%; 4.4, df 1, P<0.05). The
prevalence of stress fracture in recruits with serum 25(OFI)D < 50 nmol.L"^ was 
9.8%, compared with 6.1% in recruits with serum 25(OH)D > 50 nmol.L'^at the Start 
of Training (RR = 1.6 [Cl 1.0-2.5]). An increased risk of stress fracture continued to 
be seen for serum 25(0Fi)D concentrations up to 60 nmol.L"\ above which there 
was no further reduction in risk of stress fracture. Recruits with a serum 25(OH)D 
concentration of <60 nmol.L'^ had a 1.6 times greater risk of stress fracture 
compared to recruits with serum 25(OH)D concentrations of at least 60 nmol.L"^ (Cl 
1.0-2.4)(x^=3.9, df=l, P<0.05) . The prevalence of stress fracture in recruits with 
serum 25(OFI)D < 60 nmol.L'^ was 9.1%, compared with 5.9% in recruits with serum 
25(OH)D > 60 nmol.L'^at the Start of Training.
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5.3.16 Factors influencing stress fracture risk
The relative contribution of those factors found to be associated with an increased 
risk of stress fracture in recruits was assessed (logistic regression analysis). Also 
included in the analysis were two variables with evidence of links to stress fracture 
risk (i.e. aerobic fitness [identified in the study reported in Chapter 3] and smoking 
[associated with an increased risk of stress fracture in female army recruits (Lappe 
et al., 2001)]). The model included bone strength (BUA), body mass, milk intake (0 
-  12 y), fizzy drink intake (12 -  18 y), calcium intake (pre-RM training), serum 
25(OH)D insufficiency (<60 nmol.L"^), aerobic fitness and smoking. The model 
explained between 4 -  9 % of the variance between recruits who suffered a stress 
fracture compared with those who did not experience a stress fracture during 
training (x  ^(8 df) = 28.2, P < 0.001; Table 5.16). Body mass and bone strength (BUA) 
at the Start o f Training, and milk intake during childhood were important factors in 
this model (P<0.05).
Table 5.16 Logistic regression analvsis of factors influencing stress fracture risk.
B(SE) Wald Sig. Oddsratio
95% Cl 
Lower Upper
Constant 15.57 (5.29) 4.96 0.003
VOzmax (ml.kg'\min'i) -0.05 (0.05) 1 . 0 0 0.327 0.95 0.87 1.05
Body mass (kg) -0.06 (0 .0 2 ) 8.70 0.004 0.94 0.90 0.98
History of smoking 0.22 (0.31) 0.50 0.504 1.24 0 . 6 8 2.26
BUA (db.MHz') -0 . 0 2  (0 .0 1 ) 5.21 0 . 0 2 2 0.98 0.96 0 . 1 0
Milk intake 
(0 -1 2 y)' -0.65 (0.30) 5.00 0.029 0.52 0.29 0.94
Fizzy drink intake 
(12-18y)‘ 0.397 (0.30) 1.80 0.177 1.49 0.84 2.65
Ca intake <1000mg.d'^ -0.10 (0.58) 0.03 0.870 0.91 0.29 2.85
Serum 25(OH)D 
<60nmol.L'^ -0.34 (0.29) 1.30 0.254 0.72 0.40 1.27
Note: I. Median split.
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5.3.17 CTx os a marker o f bone resorption
Serum CTx was analysed in a subset of volunteers at the Start, Middie and End of 
Training (n=153, n=104, n=39, respectively). Table 5.16 presents the serum CTx 
results for all recruits and for stress-fractured and non-fractured recruits. A one­
way repeated measures ANOVA was conducted on the subset of recruits who had 
blood samples taken at all three time points to compare CTx values over time 
{Start, Middle and End of Training). There was a significant effect of time (Wilks' 
Lambda = 0.68, F{2, 34) = 7.9, P<0.005, multivariate partial eta squared = 0.32), with 
serum CTx concentration in week-32 being lower than in week-1 and week-15 
(P<0.001). There was no difference in serum CTx concentration at any stage of 
training between recruits who suffered a stress fracture, and those who did not, 
once data were adjusted for age and body mass (ANCOVA).
Partial correlation was used to explore the relationship between age and serum CTx 
concentration at the Start o f Training, while controlling for body mass. There was a 
strong partial correlation between age and CTx (r=-0.46, n=150, P<0.001), with high 
concentrations of CTx being associated with younger age of recruits. An inspection 
of the zero order correlation (r=-0.49) indicated that controlling for body mass had 
very little effect on the strength of the relationship between age and CTx 
concentration. Conversely, when body mass and bone resorption were partially 
correlated, controlling for age, the relationship was not significant (r=-0.15, n=150, 
P=0.66). This suggests that of the two variables, age is more strongly associated 
with serum CTx concentration than body mass. There was a trend towards a lower 
CTx concentration at the Start of Training in recruits with a history of smoking 
compared with those who had never smoked (0.49 ng.ml'^ ± 0.25 vs. 0.59 ng.ml'^ ± 
0.33, P=0.1).
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Table 5.17 Bone resorption (CTx) during RM training and in relation to stress 
fracture.
Start of Training
CTx (ng.mP^) 
Middle of Training End of Training
All 0.523 ± 0.286 0.587 ± 0.292 0.413 ± 0.188
n 153 104 39
Repeated 
measures ANOVA 0.537 ± 0.276 0.574 ± 0.331 0.419 ±0.192***
n 36 36 36
Stress fracture 0.552 ± 0.349 0.651 ±0.368 0.321 ± 0.082
n 66 49 14
Non-fracture 0.499 ±0.217 0.548 ± 0.210 0.482 ± 0.175
n 71 48 22
Note: * * *  Significantly lower than the Start and Middle of Training (P<0.001)
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5.4 Discussion
The aim of this chapter was to identify past dietary and lifestyle influences on bone 
quality, assessed by BUA, and stress fracture risk. These data would assist in 
identifying those factors which are important for bone health in this population of 
young active males at the start of military training.
5.4.1 Physical characteristics, fitness and bone health
The physical characteristics of the study population are similar to those reported in 
the earlier cohort of new-entry RM recruits (Chapter 3). Consistent with this earlier 
study, low body mass was associated with an increased risk of stress fracture.
Combining the two data sets from Chapter 3 and the current chapter (n=1572),
recruits under 65 kg had a 12% fracture rate, which was twice the rate of recruits 
who started training with a body mass of 65 kg or more. Furthermore, recruits who 
were relatively light for their height (i.e. they had a low BMI), were also at an 
increased risk of stress fracture, indeed, n=20 of the 105 (19%) stress-fractured 
recruits were over 65 kg but had a BMI of less than 22 kg.m'^. At the other 
extreme, the heaviest recruit (103.7 kg and BMI 30.8 kg.m'^ at the Start of Training) 
also suffered a stress fracture. The mechanical loading associated with a high body 
mass could have contributed to the development of a stress fracture in this 
individual.
Aerobic fitness (assessed by the MSFT), press up and sit up counts, undertaken as 
part of the RM FA at the Start o f Training were higher in the present cohort than 
were reported for the n=545 recruits who participated in the study reported in 
Chapter 3 (P<0.05). Aerobic fitness is a key variable that influences bone strength. 
Physical activity, particularly when involving repeated impact, is associated with 
increased bone density (Kohrt et al., 2004; Valimaki et al., 1994). Evidence from 
military studies has identified ball sport participation and regular running as having 
positive effects on bone health and a decrease in stress fracture risk (Armstrong et 
al., 2004; Finestone et al., 2011; Valimaki et al., 2006). Past physical activity was 
assessed from the HHQ. in the present study, though this lacked sufficient detail on
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exercise mode and frequency for any conclusions to be drawn. However, since 
aerobic fitness is such a strong predictor of training outcome and injury risk in RM 
recruits (Chapter 3) and other military training (Blacker et al., 2008; Mattila et al., 
2007; Valimaki et al., 2005) further questioning on exercise/physical training history 
is uniikely to provide additional information on a recruit's chance of injury or 
training success. The links between running and ball sports such as basketball, 
football and rugby and bone health should inform promotional and educational 
material aimed at potential RM recruits, to optimise bone health prior to 
commencing training at CTCRM. In contrast to the study reported in Chapter 3 
(where poor performance on the MSFT in week-1 of RM training predisposed a 
recruit to an increased risk of stress fracture during training), in the present study 
there was no difference in aerobic fitness at the Start of Training in those recruits 
who went on to stress fracture and those who did not. This may be as a result of a 
higher starting fitness level of the recruits in the present study, compared with 
recruits reported in Chapter 3. Aerobic fitness has repeatedly been found to be a 
predictor of stress fracture risk (Beck et al., 2000; Mattila et al., 2007; Valimaki et 
al., 2005), where higher aerobic fitness is associated with reduced risk of stress 
fracture.
5.4.2 Smoking and bone heaith
Cigarette smoking has previously been associated with poorer bone health in terms 
of increased risk of osteoporotic fracture in older adults (Paganini-Hill et al., 1991), 
and in achieving PBM during adolescence (Valimaki et al., 1994). The present study 
corroborates this, with a trend towards lower bone quality in recruits with a history 
of smoking, compared with recruits who had never smoked. However, current 
smoking was not found to be associated with bone quality in Finnish army recruits 
(Valimaki et al., 2006) (previous smoking history was not reported). Smoking has 
been identified as a risk factor for stress fracture in some (Altarac et al., 2000; 
Lappe et al., 2001), but not all studies (Munnoch and Bridger, 2007; Valimaki et al., 
2005) involving military recruits. In two cohort studies of male military recruits, 
smoking was associated with overall injury risk (Altarac et al., 2000; Munnoch and
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Bridger, 2007). It was reported in one of these studies (Altarac et al., 2000) that 
this higher risk of injury continuing for several weeks after cessation of smoking, 
which would be consistent with the higher rate of stress fracture in ex-smokers 
observed in the present study.
5.4.3 Past diet, bone heaith and stress fracture
Bone health is influenced by several nutritional factors. Calcium is an important 
nutrient for the accrual of bone mass (Heaney, 2000); a high intake of calcium 
(through diet or supplementation) has been shown to have a positive effect on 
bone mineral content (assessed by DXA) in children and adolescents (Bonjour et al., 
1997; Chan et al., 1995; Harvey et al., 2012; Nowson et al., 1997) and in young male 
military recruits (Ruffing et al., 2006). BUA provides a measure of the quality of 
bone architecture (Gluer et al., 1994) and thus measures different aspects of bone 
health to DXA. Evidence provided by the present study supports the literature, 
where an earlier study in male army recruits demonstrated no association between 
bone quality (assessed by BUA) and calcium intake from age 15 y onwards (Valimaki 
et al., 2006). The present study found no relationship between adolescent and pre- 
RM training milk intake and bone quality. However, there was evidence in the 
present study of a positive link between childhood milk intake and BUA score.
Several studies have explored the relationship between diet and stress fracture risk 
(Cline et al., 1998; Moran et al., 2012; Myburgh et al., 1990; Nieves et al., 2010; 
Valimaki et al., 2005). Two case-control studies showed no differences in diet 
during adolescence between volunteers who experienced stress fractures and 
matched controls in female military personnel (Cline et al., 1998) and athletes 
(Myburgh et al., 1990). Similarly, Valimaki et ai. (2005) reported no difference in 
adolescent calcium intake between stress fractured and non-stress fractured 
military recruits in a cohort study, although the total number of stress fractures 
confirmed was relatively small (n=15), therefore the statistical power was limited. 
In contrast, in a further small cohort study in female athletes (n=125), those who 
fractured (n=17) had a history (during the previous 6  months) of lower intake of
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dairy products compared with those who did not fracture (Nieves et a!., 2010). In a 
recent study in male Israeli military recruits, habitual calcium and vitamin D intakes 
were lower among stress fractured recruits than non-fractured recruits (Moran et 
al., 2012); however no adjustment was made to these data for energy intake. Data 
from the present study indicate that, in RM recruits, a high childhood intake of milk 
(i.e. more than 1  pint of milk a day) was associated with a lower risk of fracture 
compared with a moderate (i.e. a half to one pint of milk a day) or low intake (i.e. 
less than half a pint of milk a day). Whilst milk intake per se during adolescence or 
pre-RM training did not influence stress fracture risk, recruits who routinely 
consumed less than 1000 mg of calcium per day in the weeks prior to RM training 
were at increased risk of stress fracture. This suggests that there is still a window of 
opportunity for potential recruits to make dietary changes that might reduce their 
risk of suffering a stress fracture.
The body's acid-base balance is tightly controlled. One potential mechanism the 
body has to neutralise excess acid it to utilise the calcium stored in bone (Wachman 
and Bernstein, 1968). Dietary intake influences acid-base balance within the body 
(Bushinsky, 2001), with an acidic diet (high in protein-containing foods and certain 
grains) resulting in an increase in calcium loss from bone to maintain acid-base 
balance. Conversely, a diet relatively high in alkaline-producing foods such as fruit 
and vegetables may be protective to bone health (New et al., 2000; Nieves et al., 
2010; Tucker et al., 2001). In a study in adolescent girls, a high intake of fru it was 
associated with higher BMD in comparison with a moderate fruit intake 
(McGartland et al., 2004). Whilst a study in boys aged 8  -  20 y provided evidence 
that intakes of fruit and vegetables intakes were independent predictors of total 
body BMC (Vatanparast et al., 2005). In the present study, there was a significant 
difference in bone quality (BUA) between low and high consumers of vegetables 
during adolescence. A similar trend was also evident with regards to fru it and 
vegetable intakes during childhood and prior to starting RM training. However, 
these diet-related differences in bone strength did not translate into different levels 
of risk with regards to stress fracture, where fruit and vegetable intakes for all time
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periods were not related to stress fracture prevalence. Previous research into diet 
and stress fracture has focussed on calcium/dairy intake as possible dietary 
moderators of stress fracture risk. However, with BUA measurements, BMD and 
BMC related to stress fracture risk in this research programme (see Chapter 6  for 
study into BMD and BMC and stress fracture), there is an intuitive link between 
adequate fruit and vegetable intakes during adolescence and stress fracture risk in 
military recruits.
A high consumption of carbonated soft drinks (fizzy drinks) has been found to be 
associated with low BMD in adolescent girls (McGartland et al., 2003). In a study in 
older women, a high consumption of cola, but not other carbonated soft drinks, 
was associated with low bone density (Tucker et al., 2006). Possible explanations 
include a negative effect on bone health of phosphoric acid (Amato et al., 1998), 
fructose (Milne and Nielsen, 2000) and/or caffeine (Massey and Whiting, 1993), all 
of which are present in cola beverages. However, an alternative explanation is the 
displacement of more nutritious beverages from the diet such as fruit juice or milk 
(Fitzpatrick and Heaney, 2003). The present study did not identify a link between 
the intake of fizzy drinks and bone quality (BUA), but a high intake of fizzy drinks 
compared with a low intake during adolescence was associated with increased risk 
of stress fracture during RM training. This is the first study that has linked the 
intake of carbonated soft beverages to stress fracture risk. The questions on the 
FFQ administered in the present study did not differentiate between cola and other 
fizzy drink consumption during childhood and adolescence, so further work is 
required to clarify this risk.
Two previous large-scale studies have identified dietary patterns that were 
associated with poor bone health. In young men (20 -  25 y), a diet high in refined 
foods was associated with poor bone health (Whittle et al., 2012). A study in adult 
women provided evidence that a high consumption of vegetables, nuts and rice, 
and a low consumption of bacon and ham, was associated with higher BMC 
(McNaughton et al., 2011). Furthermore, an intake of refined cereals, soft drinks.
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processed meats and takeaways and a low consumption of vegetables was inversely 
associated with BMC (McNaughton et al., 2011). This evidence is complementary 
to the findings of the present study, where nutrition during early adult life can 
influence bone health. It reinforces the need for strong, consistent nutritional 
messages throughout the recruitment process, for the duration of RM training, and 
throughout RM careers to optimise bone health and to reduce the risk of bone 
injury during arduous physical work.
5.4.4 Vitamin D, bone heaith and stress fracture
The active metabolite of vitamin D (calcitriol) is a steroid hormone that acts on 
many different tissues within the body (Zittermann, 2003). Vitamin D can be 
ingested orally, from certain foods and as a supplement, or formed by the action of 
sunlight (ultraviolet B) in the skin. Dietary sources are limited and include eggs, oily 
fish, fortified margarines and fortified cereals. Vitamin D regulates calcium 
homeostasis, increasing calcium absorption in the intestine, and reabsorption in the 
kidneys. Insufficient vitamin D results in increased bone resorption, under the 
action of parathyroid hormone (PTH), to liberate calcium and restore serum calcium 
concentration. Poor vitamin D status is associated with an increased risk of 
osteoporotic fracture in later life (Reid, 2003a). There is growing evidence that 
vitamin D insufficiency is linked to other disease states including cardiovascular 
disease and certain types of cancer (Zittermann, 2003). There is also evidence 
from studies in athletes (Halliday et al., 2011), and the general population 
(Zittermann, 2003), that vitamin D insufficiency may be linked to higher rates of 
illness.
As a stable precursor for the active form of vitamin D, 25(OH)D is routinely 
measured as a marker of vitamin D status, it is well documented that in Europe 
there is seasonal variation in circulating concentrations of 25(OH)D (Zittermann, 
2003), and data gathered in the present study was consistent with these findings. 
Between October and April in the UK, UVB radiation is minimal (Committee on 
Medical Aspects of Food Policy, 1991). As skin synthesis is the principle source of
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vitamin D in the vast majority of the population, low circulating 25(OH)D 
concentrations are inevitable during the winter months. The mean circulating 
serum 25(OH)D concentrations in RM recruits starting training in the summer and 
winter seasons were consistent, if not siightly higher, than those reported in the 
literature for young adults in Northern Europe (Zittermann, 2003). In the UK, 
vitamin D deficiency (i.e. the concentration at which there is an increased risk of 
bone diseases such as rickets and osteomalacia) is currently defined as a serum 
25(OH)D level of <25nmol.L'^ (Committee on Medical Aspects of Food Policy, 1998). 
Applying this cut-off, RM recruits had a lower prevalence of 25(OH)D insufficiency 
in comparison with males aged 19 -  24 y in the general UK population (i.e. 4% vs. 
24%) (Swan, 2004). However, this threshold for deficiency does not inform optimal 
intake, or the level below which the risk of stress fracture may be increased in 
individuals engaged in sport or military physical training.
In a large cohort study of male military recruits in Finland, stress fractured recruits 
had significantly lower serum 25(OH)D concentrations than non-stress fractured 
recruits (Ruohola et al., 2006). In the Finnish study, the risk of stress fracture if 
serum 25(OH)D concentrations were below the median (i.e. 75.8 nmol.L"^) was 3.6 
times the risk of those with concentrations exceeding the median. A study in 
American female navy recruits reported that stress fracture risk was lowest in those 
recruits with a serum 25(OH)D concentration above 100 nmol.L'^ (Burgi et al., 
2011). In a separate study, daily supplementation with 2000 mg of calcium and 800 
lU (20 |ig) of vitamin D in US female Navy recruits was associated with a 20% lower 
incidence of stress fracture (Lappe et al., 2008). However, pre-supplementation 
habitual calcium intake in these volunteers was very low (around 300 mg.day'^). 
Serum 25(OH)D concentration was not measured, so it is unclear as to the degree 
of vitamin D insufficiency (if any) within the study population. In the study reported 
in Chapter 3 of this thesis, the mean calcium intake of RM recruits during training 
was of the order of 1200 mg.day"^ and mean vitamin D intake was 4.5 pg.day'^ (180 
lU), with less than 20% of recruits failing to meet the RNI for calcium of 1000 
mg.day'^ (Committee on Medical Aspects of Food Policy, 1991). A study in the
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South African military showed no reduction in stress fracture risk in males 
supplemented with an additional 500 mg.day'^ of calcium; habitual dietary calcium 
intake was already of the order of 900 mg.day'^ (Schwellnus and Jordaan, 1992). 
Currently, there is no Dietary Reference Value (DRV) for vitamin D for the general 
population in the UK aged 4 -  64 y (Committee on Medical Aspects of Food Policy, 
1998). Nevertheless, the elderly, and certain at risk groups (such as those with very 
limited sunlight exposure) are advised to consume 10 pg.day"^. The UK MDRV 
document suggests an intake of 5 pg.day'^ (200 lU) of vitamin D for military 
personnel (Casey, 2008).
Evidence from the present study suggests that serum concentrations of 25(OH)D 
above 60 nmol.L'^ were required to minimise the risk of stress fracture during RM 
training. Increasing the threshold for 25(OH)D above this value did not further 
reduce stress fracture risk in this population. This threshold for 25(OH)D of below 
60 nmol.L"^ is above the mean winter time concentration of new-entry RM recruits. 
Thus, over half of all new-entry RM recruits would be classed as insufficient in 
vitamin D if this higher threshold was applied. There is some debate with regards 
to the level of oral intake of vitamin D required to achieve a serum 25(OH)D 
concentration above the threshold of 50 nmol.L'^ proposed by the lOM (Institute of 
Medicine, 2011), in the absence of UVB exposure (as would be the case during 
winter months in the UK). Interestingly, the lOM recommended a dietary intake of 
15 pg.day'^ (600 lU) of vitamin D for the young adult population. There is discussion 
in the literature that a supplement of 10 pg.day'^ is likely to be too low (Vieth et al., 
2001; Zittermann, 2003). A level of supplementation in excess of 20 pg.day'^ (800 
lU) of vitamin D is likely to be required to achieve a serum 25(OH)D concentration 
above 60 nmol.L'^ (Cashman et al., 2008; Fleaney, 2003; Hollis, 2005). The UK 
Scientific Advisory Committee on Nutrition (SACN) is currently revising the vitamin 
D requirements and these are due to be published in 2014.
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5.4.5 Serum CTx concentration as a marker o f bone resorption 
Stress fracture risk may be affected by any factor which increases load, reduces 
bone strength or interferes with the remodeling process (Bennell et al., 1999). 
Bone remodelling is stimulated in response to mechanical loading of the bone 
(Friediander et al., 1995). Remodeling occurs through the process of bone 
resorption by osteoclasts (i.e. specialised bone cells that removes bone tissue), 
followed by the formation of new bone through the activity of osteoblast cells 
(Frost, 1969). During this process bone is weakened and would therefore be more 
vulnerable to injury (Confavreux et al., 2009). The activity of this remodelling 
process was assessed in the present study by measuring a marker of bone turnover; 
serum CTx concentration represents a marker of bone resorption (Banfi et al., 
2010).
Serum CTx concentrations were lower at the End of Training compared with the 
Start or Middie o f Training, suggesting lower bone resorption (i.e. bone 
breakdown). This is surprising given the high level of microdamage likely to have 
accumulated during RM training, cumulating in Final Exercise and the Commando 
Tests, and hence the need for bone to repair. The low level of bone resorption 
evident from the low concentrations of CTx may be a mechanism to allow net bone 
formation to occur to repair damaged bone. Another possible explanation might be 
developed from a link between energy metabolism and bone metabolism (Ducy et 
al., 2000; Ihle and Loucks, 2004). There is growing evidence of an endocrine 
function of bone (Lee et al., 2007), and that bone mass could be controlled by 
hormones involved in energy metabolism (Confavreux et al., 2009; Ducy et al., 
2000).
Recruits in the post-Commando Test phase of RM training are likely to experience 
transient energy deficiency, such that bone remodeling may be temporarily 
reduced until this energy-requiring process can be better supported by the body. 
Flowever, a study in young women reported reductions in the bone formation 
markers procollagen carboxy-terminal propeptide (PICP) and osteocalcin (OC) but
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an increase the bone resorption marker N-telopeptide (NTx) during the short-term 
(5 day) consumption of an energy-restricted diet (Ihle and Loucks, 2004). A study in 
British Army recruits reported a reduction in two markers of bone formation: (OC) 
and bone-specific alkaline phosphatise (BALP) between the start and completion of 
10 weeks of basic training (Etherington et al., 1999). These authors also reported a 
non-significant reduction in the bone resorption marker tartrate resistant acid 
phosphatase (TRAP) during the 10 weeks of basic training. This study included 
paired data (start and end of training) on only n=26 recruits. Conversely, a study in 
male (n=58) and female (n=155) US Marine recruits measured higher 
concentrations of the bone resorption marker deoxypyridinoline (DPD) at the end 
of an 1 1 -week training programme compared with before the start of the training 
programme (Sheehan et al., 2003). Evans et ol. (2008b) observed higher 
concentrations of serum CTx at middle and end time points, of a 4 month 
programme of basic recruit training, compared with baseline concentrations in 
n=58 male military recruits. From the above, bone turnover during military training 
is likely to be influenced by a number of factors including gender, training intensity 
and duration, and energy balance. Concurrent analyses of bone formation and 
resorption markers, in the population of interest, and at a variety of time points 
across training may help to elucidate the mechanisms associated with bone 
turnover during military training.
The lack of difference between CTx in stress fractured recruits and non-fractured 
recruits is in contrast to findings from previous studies, where higher baseline 
concentrations of bone markers in stress fractured individuals versus controls have 
been reported (Etherington et al., 1999; Murguia et al., 1988). These findings in the 
literature suggest that a high bone turnover may be a risk factor for bone injury 
during military training. However, in a twelve month prospective study in athletes, 
measurements of bone turnover were not useful in predicting the likelihood of 
stress fracture (Bennell et al., 1998).
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5.4.6 Strengths and limitations
The sample size in this study is one of the largest cohorts investigated in the 
literature on bone health and stress fracture. This large sample size gives greater 
confidence in the findings from the FFQ, with this approach most appropriately 
employed in studies of populations rather than individuals (Buzzard, 1998). The 
assessment in this study of many of the known risk factors for stress fracture has 
permitted the relative importance of each measure (dietary, physical or 
biochemical) to be investigated through regression analyses or by controlling for 
key variables in ANCOVA and partial correlations.
A limitation of this study was that PTH analysis was not undertaken. PTH in healthy 
individuals has been shown to rise when vitamin D status is poor (Chapuy et al., 
1997; Harkness and Cromer, 2005; Krall et al., 1989), such that a raised PTH 
(hyperparathyroidism) is secondary to vitamin D insufficiency. The lowest serum 
25(OH)D concentration at which PTH becomes elevated has been interpreted in the 
literature as a threshold for vitamin D insufficiency (Chapuy et al., 1997; Harkness 
and Cromer, 2005; Krall et al., 1989). Only one study has investigated PTH and 
stress fracture risk (Valimaki et al., 2005). These authors found elevated PTH in the 
stress fracture group compared to the control group, but no difference in serum 
25(OH)D concentration.
The retrospective approach of the FFQ limits its ability to represent habitual intake 
during childhood and adolescence. Current diet strongly influences the recall of 
past diet (Jensen et al., 1984; van Stave re n et al., 1986). However, other studies 
have found that recalled intake was correlated better than current intake with 
actual past intake (Byers et al., 1987; Byers et al., 1983), suggesting that a 
retrospective FFQ has some validity when assessing past diet. In the present study, 
childhood, adolescent and pre-CTCRM dietary intakes were correlated with respect 
to fruit, vegetables and milk intakes. Therefore it is difficult to clearly interpret the 
contribution of intakes during each stage with the risk of stress fracture during RM 
training.
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5.4.7 Conclusions
This is the first study to identify a link between fizzy drink intake during adolescence 
and stress fracture risk in young male adults, and between childhood milk intake 
and stress fracture risk. Physical fitness, body mass, and BMI were confirmed as 
important predictors of stress fracture risk. Two-thirds of recruits who started 
training in the winter months had a serum 25{OH)D concentration of below 50 
nmol.L'^. A threshold for serum 25{OH)D of above 60 nmol.L'^ concentration was 
found to minimise the risk of stress fracture.
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Chapter 6
Bone mineral density and other bone parameters as risk 
factors for stress fracture in RM recruits: A case-control
study.
6.1 Introduction
Whilst the importance of BMD is well established in relation to risk of osteoporotic 
fracture in later life (Reid, 2003a), the influence of BMD on the risk of stress 
fracture in a young active population is less clear (FriedI et al., 2008; Lappe et al., 
2005; Rouilles et al., 1989; Valimaki et al., 2005). Previous work has shown that 
BMC and bone size may be more important parameters in the risk of stress fracture 
than BMD (Beck et al., 1996; Giladi et al., 1991). This chapter reports a nested case- 
control study investigating BMD, BMC, and other bone parameters in stress 
fractured recruits and matched controls, and the factors associated with these 
variables.
6.1.1 Bone structure
Bone is a composite material that consists of 65% mineral and 35% organic matrix 
and small solutes. The mineral phase is largely made up of hydroxyapatite 
[Caio(P0 4 )6 (OH)2] (Hall, 2008). There are two types of bone: cortical or compact 
bone, and trabecular or cancellous bone. Cortical bone is the compact bone that is 
found in the shafts of long bones, such as humerus, femur and tibia and on the 
outside of vertebrae (Hall, 2008). Long bones consist of the diaphysis (the 
cylindrical shaft), the epiphysis (the head), and the metaphysis (the transitional 
neck area between the diaphysis and epiphysis) (Figure 6.1). Cortical bone is dense 
and only contains microscopic channels. Cortical bone comprises 80% of the 
human skeleton and is responsible for the supportive and protective functions of 
the skeleton (Khan et al., 2001). Bone turnover in cortical bone is very slow (3% per 
year), compared to 30% per year for trabecular bone (Hochberg et al., 2002).
159
Chapter 6
Trabecular bone is the spongy and porous bone that is found in the ends of long 
bones (epiphysis and metaphysis) and on the inside of vertebrae (Hall, 2008). 
Trabecular bone makes up the remaining 20% of the human skeleton and consists 
of several interconnected trabecula. Trabecular bone is approximately 75% soft 
tissue and is made up of curved plates and rods and contains only interstitial 
lamellae (Hall, 2008). This type of bone has very high porosity, rapid bone turnover 
and its bone marrow is hematopoietic. The distribution of cortical and trabecular 
bone changes depending on the particular bone (Khan et al., 2001) and, at the 
macrostructure level of bone, mechanical properties can vary from one bone to 
another as well as within different regions of the same bone (Rho et al., 1998).
Cortical (compact) bone
Periosteum 
s sheath that covers bone)
Figure 6.1 Structure of a human long bone.
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6.1.2 Bone remodelling
Bone is a dynamic tissue that is constantly undergoing the process of remodelling 
(Figure 6.2). The sequence of events is as follows: Resorption of old or damaged 
bone by osteoclasts in response to structural or biomechanical requirements of the 
skeleton; a reversal phase in which pre-osteoblasts mature; the formation of new 
bone by osteoblasts; and then the resting phase where osteoblasts mature into 
osteocytes which act as bone-lining cells, and the bone surface is inactive (Hill, 
1998; Jones, 2002). The remodelling process is necessary to repair bone micro­
damage that occurs during normal daily activity, and also to replace bone during 
the growth process and following fracture injuries (Hall, 2008). In a healthy 
skeleton, microdamage is in equilibrium with its repair by bone remodelling (Burr, 
2011). However, during this process bone is weakened and vulnerable to injury 
(Jones, 2002). Precise signalling between osteoblasts and osteoclasts is imperative 
for this process to be effective (Hill, 1998). The remodelling process takes 
approximately four to six months (Hill, 1998).
Pre-
Osteoclasts Active
Osteoclasts
Pre-
Osteoblasts
Resting
Bone
Surface
Osteoblasts
Osteocytes
Mononuclear 
Cells
a#.*.*»*,»
Bone FormationResorption Reversal Mineralization
Figure 6.2 Bone remodelling cvcle.
From: http://www.ns.umich.edu/Releases/2005/Feb05/img/bone.ipg
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6.1.3 Mechanism of stress fracture
Stress fracture was first described in marching soldiers in 1855 by Briethaupt 
(reported in Bennell et al., 1999). These fractures result from repetitive 
submaximal loading that, over time, exceeds the bone's intrinsic ability to repair 
(Pepper et al., 2006), such that there is an accumulation of microdamage in the 
bone (Burr, 2011). The lower limb is the most common site of fracture, with 
marching and running cited as activities most likely to result in fracture (Jones, 
2002). Stress fracture risk may be affected by any factor which increases load, 
reduces bone strength or adversely interferes with the remodelling process 
(Bennell et al., 1999). A study in Israeli military recruits demonstrated that reducing 
the remodelling process through the administration of bisphosphonates (a class of 
drugs often used to reduce bone loss in the treatment of osteoporosis) resulted in a 
greater incidence of stress fracture (Milgrom et al., 2004).
6.1.4 Stress fracture presentation and diagnosis
The CTCRM clinical guideline on stress fracture (Appendix H) describes the 
presentation of stress fractures of the lower extremity as "localised dull pain not 
associated with trauma that worsens during exercise or weight bearing". There is 
usually some tenderness on palpation. In femoral fractures, patients often 
complain of pain in the groin, and some night pain. Appendix H explains the 
diagnostic pathway for stress fracture at CTCRM. Briefly, a plain film radiograph (X- 
ray) is initially taken, but evidence of a stress fracture may not be present until two 
or more weeks after the onset of symptoms. Figure 6.3 shows a positive tibial 
stress fracture X-ray. If the X-ray is negative, then Magnetic Resonance Imaging 
(MRI) or a Triple Phase Bone Scan (TPBS) is arranged. A positive scan or a positive 
repeat X-ray at day 28 from presentation is indicative of a stress fracture.
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Tibial stress fracture
Figure 6.3 X-ray of the lower legs showing a stress fracture of the left tibia.
6.1.5 Bone mineral density and stress fracture 
Dual Energy X-Ray Absorptiometry
Bone mineral density is predictive of osteoporotic fracture (Kanis et al., 2001), and 
has been recognised as the standard method of assessing the risk of fragility 
fractures associated with older age for many years (Reid, 2003a). Dual Energy X- 
Ray Absorptiometry (DXA) scanning of the lumbar spine and hip has traditionally 
been the method of choice for assessing BMD (Reid, 2003a). However, this method 
provides areal density (aBMD) (g.cm'^) rather than true volumetric density (vBMD) 
(g.cm'^), and is thus dependent on bone size (Adams, 2009). The relationship 
between aBMD and stress fracture risk has been assessed in a number of studies in 
military recruits with mixed results (Armstrong et al., 2004; Beck et al., 2000; Cline 
et al., 1998; Rouilles et al., 1989; Valimaki et al., 2005). While some authors have 
reported lower aBMD (measured by DXA) in stress fractured recruits compared 
with non-fractured recruits (Beck et al., 1996; Rouilles et al., 1989; Valimaki et al., 
2005), others have not (Armstrong et al., 2004; Cline et al., 1998). Additionally, one 
study suggested that aBMD may not reflect the risk of stress fracture equally across 
all possible sites (Rouilles et al., 1989). There is some evidence from DXA studies of
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the tibia that structural geometry of bone may influence fracture risk (Beck et al., 
2000; Beck et al., 1996; Milgrom et al., 1989).
Peripheral quantitative computed tomography
Recently, peripheral quantitative computed tomography (pQCT) has been 
increasingly employed in studies of bone health (Evans et al., 2008a; Hamilton et 
al., 2010; Lester et al., 2009; Ruffing et al., 2006; Schoenau et al., 2001). This 
technique utilises X-ray and provides an image which is based on the linear X-ray 
absorption coefficients of the tissues through which it passes (Adams, 2009). The 
advantages of pQCT are that it provides a measure of vBMD, an assessment of bone 
density which is independent of bone size, and separately assesses trabecular and 
cortical bone (Adams, 2009). Additionally, parameters based on bone size and 
shape have been developed that provide measures of bone strength (Martin, 1991; 
Turner and Burr, 1993).
Few studies have applied pQCT in the investigation of bone health in military 
personnel (Evans et al., 2008a; Moran et al., 2011; Ruffing et al., 2006). Only one of 
these studies has compared pQCT measures between male military recruits who 
went on to suffer a stress fracture during military training and those who did not 
(Moran et al., 2011). A higher trabecular bone density at the 4% tibial site was 
reported in the n=45 stress fractured recruits than in n=71 non-fractured recruits 
(stress fracture prevalence of 38%) (Moran et al., 2011). No difference between 
stress fractured and non-fractured recruits with respect to cross sectional area at 
the 6 6 % tibial site was observed. No other variables were reported. Other military 
studies utilising pQCT have focussed on identifying factors associated with bone 
parameters such as bone size and cortical thickness (Ruffing et al., 2006) and 
differences in bone geometry between men and women (Evans et al., 2008a). 
Thus, pQCT as a tool for investigating bone parameters linked to stress fracture has 
yet to be fully exploited.
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6.1.6 Aims and hypotheses
The primary aim of this chapter was to evaluate differences in bone parameters 
(assessed with DXA, pQCT and BUA) between recruits who suffered a stress fracture 
and matched controls. Secondly, to explore the importance of BMD and other bone 
parameters in relation to stress fracture risk using regression analyses.
Hvpotheses
^Hi: aBMD and BMC assessed by DXA will differ between stress fractured 
recruits and matched controls 
^Hi: vBMD and other bone parameters assessed by pQCT will differ between 
stress fractured recruits and matched controls 
^Hi: Bone quality assessed by BUA will differ between stress fractured 
recruits and matched controls 
^Hi: Bone parameters will be important predictors of stress fracture risk
6.2 Methods
This chapter reports data on stress-fractured recruits and matched controls from
the study involving the large cohort of RM recruits discussed in Chapter 5 of this 
thesis. Briefly, recruits underwent measurement of height, body mass and BUA at 
the Start o f Training. Additionally, recruits completed a Health History 
Questionnaire detailing past injuries, exercise and smoking histories, and undertook 
the RMFA to assess initial fitness.
6.2.1 Diagnosis of stress fractures
Stress fractures were diagnosed in accordance with CTCRM Clinical Guideline no . 8
(Appendix H). Diagnosis was based on a positive X-Ray or MRI. Depending on the 
site, a negative initial X-Ray would be followed up by a further X-Ray or MRI. All 
stress fractured recruits except those diagnosed in week-32 were transferred to 
Hunter Company for rehabilitation.
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6.2.2 I den tification o f con trois
Each stress fractured recruit was matched with a non-fractured recruit for age, 
body mass and BMI (from week-2 data) to act as a control. Potential controls were 
identified via interrogation of the Start of Training database once each stress 
fracture had been diagnosed. The training team for each potential control recruit 
was approached to see if it was possible for the recruit to attend the Osteoporosis 
Centre at Southampton University Hospital, Southampton, UK, for bone scans on an 
allocated day. This method worked well whilst Troops were in the early stages of 
training, but it became increasingly difficult for recruits in mainstream training to be 
absent from CTCRM for a day as training progressed. As a result, recruits 
undergoing rehabilitation in Hunter Company from non-bone injuries were invited 
to act as matched controls.
6.2.3 Assessment o f structurai bone parameters
Stress fractured recruits and matched controls underwent DXA and pQCT scanning. 
Recruits were weighed in underwear on Marsden MPPS-250 scales prior to 
scanning (Marsden, UK). The time between diagnosis of stress fracture and 
scanning varied due to recruit availability and the programming of scan 
appointments within the Osteoporosis Centre. The shortest time from diagnosis to 
scans was within one week, whilst the longest was eight weeks. Matched controls 
were not necessarily scanned on the same date as the corresponding stress fracture 
case.
DXA
Bone mineral content and aBMD, of the whole body, lumbar spine (L2-4 vertebrae 
region), and hip (neck of femur, trochanter region and Wards's area) were 
measured by DXA using a Hologic QDR 4500 (Hologic, Chicago, USA) (Figure 6.4). A 
diagram of the areas of the hip assessed by DXA is presented in Figure 6.5. 
Absolute values of BMC (g) and aBMD (g.cm'^) were provided by the DXA software 
as well as calculations of the individual T-scores (standard deviations above or 
below the young adult reference mean) (World Health Organisation, 1994). The
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sensitivity and specificity of a negative T-score for BMD in terms of correctly 
diagnosing a stress fracture was calculated (Altman and Bland, 1994a), as well as 
the positive and negative predictive values (PPV and NPV) (Altman and Bland, 
1994b). Daily calibration was undertaken using spine phantoms. The CV for this 
DXA technology is <1%. The DXA assessment took approximately 30 minutes per 
recruit to complete.
Figure 6.4 Hologic QDR 4500 DXA scanner (Hologic. Chicago. USA).
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Figure 6.5 DXA scan regions of the hip.
From: http://stg.centrax.eom/ama/osteo/Dart4/module02/04reco/08.htm 
pQCT
Volumetric bone density (vBMD) of the radius and the tibia was assessed by pQCT 
(standard resolution) using a Stratec Medizintechnik XCT 2000L pQCT scanner 
(Stratec Medizintechnik GmbFI, Pforzheim, Germany) (Figure 6 .6 ), voxel size 0.5 
mm. A scout view was performed on the forearm and lower leg to identify a 
baseline for the respective upper and lower limb measurements. The cortical end 
plate of the radius was used as an anatomical landmark. The reference line was 
fixed in the lateral, horizontal part of the radial cortical end plate. The middle of the 
distal cortical end of the tibia was used as a reference line. Two slices were taken in 
the forearm scan (4% and 6 6 %); four slices were taken for the lower leg scan (4%,
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14%, 38% and 6 6 %). The process took approximately 12 minutes to complete per 
site. Examples of radial and tibial scans are shown in Figure 6.7. The scans were 
analysed using Stratec software version 6.0. The following measurements were 
obtained: total, trabecular and cortical BMC (mg.mm'^) and BMD (mg.cm'^), bone 
cross sectional area (CSA); moments of inertia (Ml) (mm^) and strength-strain indices 
(SSI) (mm^) as measures of bone strength; muscle area (mm^); cortical thickness 
(mm); periosteal and endosteal circumferences (mm). Cortical thickness was derived 
using the circular ring model, using a threshold of 710 mg.cm'^ to define cortical bone 
(Louis et al., 1995). In vivo short-term precision expressed as coefficient of variation 
at the Southampton Osteoporosis Centre is 1.24% for total BMD, 1.33% for 
trabecular BMD and 1.88% for cortical BMD in young normal healthy females.
Figure 6 . 6  Stratec XCT 2000L pQCT scanner (Stratec Medizintechnik GmbH, 
Pforzheim. Germanv).
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Object length :270.0 mm
Scan date : 15.12.2010
0.500 mm 50 mm
I *
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(a)
(b)
Figure 6.7 Example pQCT scans of the radius (a) and the tibia (b) of a RM recruit.
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6.2.4 Data Analysis
Differences between stress fractured recruits and controls were determined with a 
Mann-Whitney U test. Significance vaiue was accepted as P < 0.05. Spearman rank 
correiation coefficients were used to investigate associations between physical 
characteristics and bone parameters. Bonferroni corrections were used for the 
pQCT data to adjust for muitipie comparisons at each slice, with significance 
accepted as P<0.005. Linear regression was undertaken to identify the key 
independent factors influencing BMD. Logistic regression analyses (Enter method) 
were undertaken to identify the key independent predictors of stress fracture 
(including BMD), and to estimate the variance explained by those factors.
63  Results
6,3.1 Prevalence o f stress fracture
Of the 75 stress fracture cases reported in the longitudinai study in Chapter 5, 65 
stress fracture cases underwent DXA and pQCT scanning, along with 65 matched 
controls. The remaining ten stress fractured recruits either opted out of training 
before it was possible to complete scan visits, or the fracture had occurred in week- 
31 and the recruit had completed the Commando Tests. The injured recruit from 
week-31 wouid not be admitted to Hunter Company but would be rehabilitated in 
their new RM unit. Tabie 6.1 presents details on the sites of the fractures.
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Table 6.1 Sites of stress fracture in DXA and pQCT-scanned RM recruits.
No. stress fractures - 
all recruits (n=75)
No. stress fractures - 
scanned recruits (n=65)
Metatarsal 46 41
Tibia 31 27
Fibuia 2 1
Femur 7 6
Neck of Femur 4 4
Total stress fractures 90 79
Notes: 3 recruits suffered stress fractures of the tibia and femur
1 recruit suffered bilateral metatarsal fractures and a stress fracture of the femur
1 recruit suffered bilateral metatarsal stress fracture, a stress fracture of the femur and a 
stress fracture of the tibia
2 recruits stress fractured 2"'* and 3^ '^  metatarsals of the same foot 
1 recruit stress fractured 3"^  ^metatarsal on both feet
3 recruits suffered bilateral tibial stress fracture
6.3.2 Physical characteristics of stress fracture cases and matched controis 
Anthropometric and fitness data for stress fractured recruits and controls are 
presented in Table 6.2. There were no differences in anthropometry (at scan date), 
fitness (at Start o f Training) or pre-CTCRM physicai training between fractured 
recruits and controls. Although there was no difference in the proportion of stress 
fractured recruits and controis who had a history of smoking, a higher proportion of 
stress fractured recruits reported having given up smoking prior to commencing RM 
training (33% vs. 17%; = 11.1/ df = 2, P<0.01).
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Table 6.2 Anthropometric and fitness data of stress fractured recruits and 
matched controls.
Stress Fractures (n=65) Controls (n=65)
Mean ± SD Median (Range) Mean ± SD Median (Range)
Age (y) 21.9 (3.2) 2 1 (1 7 -2 9 ) 21.8 (3.3) 2 1 (1 8 -3 2 )
Height (m) 1.76 ±0 .06 1 .7 6 (1 .6 4 -1 .9 2 ) 1.77 ± 0.06 1 .7 7 (1 .6 3 -1 .9 1 )
Mass (kg) 76.3 ± 8.0
75.9 (6 1 .7 -  
104.6) 77.6 ± 7 .0
76.1 (6 3 .3 -9 3 .5 )
BMI (kg.m'^) 24.6 ±1 .9 24.5 (2 0 .3 -3 0 .9 ) 24.7 ± 2.0 24.6 (2 0 .7 -3 0 .3 )
VOzmax (m l.kg '^ in 'V 52.4 ±3 .1 5 2 .2 (4 5 .8 -5 9 .3 ) 52.4 ± 3 .0 52.5 (4 5 .2 -6 0 .9 )
Current smoker' 2% 15%**
History of smoking' 35% 32%
Ethnicitv:
Black
Mixed race 
White
1
2
62
0
1
64
Notes: i. At the Start o f Train in g
* *  Significantly different to stress fractured recruits (x^  = 11.1, df = 2, P<0.01)
6.3.3 Bone mineral content and density of stress fractured recruits and
matched controis
The BMC and aBMD at all DXA sites were lower in the stress fracture group 
compared to the control group, except BMC of the total hip (P<0.05) (Table 6.3). A 
one-way analysis of co-variance (ANCOVA) was conducted to compare BMC and 
BMD between stress fractured recruits and controls, after adjustment for body 
mass. BMC and BMD remained significantiy lower at all sites (except BMC of the 
total hip) in the stress fracture group compared to the controls after adjustment for 
body mass (P<0.05). In terms of body composition, stress fractured recruits did not 
differ from their controls for lean body mass or body fat. There was no difference 
in BUA of the dominant or non-dominant foot at the Start of Training between 
stress fractured recruits and controls. The T-scores for hip and iumbar spine BMD 
are presented in Table 6.4. Fifty-five of the 65 stress fracture cases (85%) had a T- 
score of the lumbar spine below zero, compared with 34 controis (52%) (x^=15.7 , 
d f= l , P<0.001). If the spinal T-score was below zero, the odds ratio (OR) of a stress
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fracture was 4.6, calculated using the Mantel-Haenszel method (Morris and
Gardner, 1988). Using the same method, the OR of a stress fracture was 1.8 if the
hip T-score was less than zero, and 2.1 if the femoral neck T-score was less than
zero.
Table 6.3 Bone mineral density and content of stress fractured recruits and
matched controis (assessed with DXA).
Stress fractures (n=65) Controls (n=65)
Mean ± SD Median (Range) Mean ± SD Median (Range) p
BMC(r)
LS 69.5 ± 10.4 67.8 (5 1 .3 -9 9 .6 ) 76.1 ±11.5 74.9 (5 5 .0 -1 0 7 .8 ) 0.001
FN 5.4 ± 0.6 5.3 (4 .0 -6 .8 ) 5.7 ±0 .8 5.6 (4 .0 -8 .9 ) 0.013
FT 10.3 ±1 .5 10.4 (6.4 -1 4 .0 ) 11.4 ±2 .3 11.3 (6 .9 -1 7 .5 ) 0.003
FW 1.00 ±0 .17 0.98 (0 .6 0 -1 .3 7 ) 1.08 ±0 .17 1.06 (0 .7 1 -1 .4 5 ) 0.007
Total hip 46.7 ±6 .1 46.5 (3 1 .4 -6 1 .8 ) 48.8 ± 7 .6 47.8 (3 4 .8 -7 6 .5 ) 0.136
Total body 2751± 325 2 7 5 0 (2 1 0 5 -3 7 6 4 ) 2975 ± 385 2940 (2 2 2 1 -4 2 9 2 ) 0.001
BMD (e.crn* )^
LS 1.00 ±0 .10 1.00 (0 .8 3 -1 .2 9 ) 1.08 ±0 .11 1.07 (0 .8 1 -1 .4 4 ) <0.001
FN 0.94 ±0 .10 0.94 (0 .6 9 -1 .2 2 ) 1.00 ±0 .11 1.00 (0 .7 5 -1 .3 1 ) 0.02
FT 0.79 ± 0.09 0.79 (0 .5 1 -0 .9 9 ) 0.85 ±0 .12 0.82 (0 .6 2 -1 .1 4 ) 0.011
FW 0.85 ± 0.12 0.85 (0.55 -1 .1 2 ) 0.91 ±0 .13 0.92 (0 .6 0 -1 .2 2 ) 0.006
Total hip 1.08 ±0 .10 1.08 (0 .7 7 -1 .3 3 ) 1.14 ±0 .12 1.12 (0 .8 6 -1 .4 7 ) 0.015
Total body 1.25 ± 0.08 1 .2 4 (1 .0 8 -1 .4 6 ) 1.32 ±0 .10 1 .3 1 (1 .1 3 -1 .7 1 ) <0.001
Lean tissue (kg) ^0.7 ± 6.3 59.7 (5 0 .0 -8 3 .1 ) 62.0 ± 6.0 60.7 (5 1 .3 -7 5 .0 ) 0.296
Body fat (%) 18.4 ±3 .4 1 8 .6 (1 1 .5 -2 8 .4 ) 18.4 ±3 .9 18.5 (7 ,5 -2 8 .6 ) 0.757
BUAdB.MHz'^'
Dominant 92.4 ±16.5 92 (6 1 -1 3 8 ) 95.4 ±17.5 95 (6 4 -1 3 7 ) 0.397
Non­
dominant 94.2 ±19 .8 89 (59 -1 3 8 ) 94.8 ± 17.5 94 (5 8 -1 3 9 ) 0.571
Notes; i. Atthe Start of Trainina
BMC -  bone mineral content; BMD -  bone mineral density; LS -  lumbar spine; FN -  femoral 
neck; FT -  femoral trochanter; FW -  Ward's area of the hip
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Table 6.4 T-scores for spine and hip BMD for stress fractured recruits and
matched controls.
Spine T-score
Mean ± SD Median (range) T < 0  n (%) T < -1 .0  n (%)
Stress fractures 
(n=65)
-0.80 ± 0.87 -0.90 (-2.3 -1 .8 ) 55 (85%) 32 (49%)
Controls (n=65) -0.12 ± 1.02 -0.10 ( -2 .6 -3 .2 ) * * * 34 (52% )*** 13 (20% )***
Hip T-score
Mean ± SD Median (range) T < 0  n (%) T < -1 .0  n (%)
Stress fractures 
(n=65)
0.31 ±0 .64 0.30 ( -1 .8 -1 .6 ) 18 (28%) 1 (2%)
Controls (n=65) 0.67 ±0 .78 0.50 (-1 .1 -2 .9 )/' 12 (19%) 1 (2%)
Femoral Neck T-score
Mean ± SD Median (range) T < 0  n(%) T < -1 .0  n (%)
Stress fractures 
(n=61)
0.08 ± 0.72 0.10 (-1 .7 -2 .2 ) 25 (41%) 3 (5%)
Controls (n=61) 0.51 ±0 .78 0.40 ( -1 .3 -2 .8 ) * * * 14 (23%)* 1 (2%)
Notes: * Significantly different to stress fractured recruits (P<0.05) 
* * *  Significantly different to stress fractured recruits (P<0,001)
Table 6.5 Sensitivity and specificity and predictive values of a BMD T-score less 
than zero for correctly diagnosing stress fractures.
BMDT-score<0 Sensitivity Specificity PPV NPV
Lumbar spine 
Total hip 
Femoral neck
85%
28%
38%
48%
82%
78%
62%
60%
64%
76%
53%
56%
Notes: PPV positive predictive value, NPV negative predictive value
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6.3.4 Bone parameters of stress fractured recruits and matched controls
assessed using pQCT
Of those recruits who underwent pQCT scans, there were 58 pairs of stress 
fractured recruits and matched controls for scans of the radius, 54 pairs for the first 
3 sections of the tibia, and 43 pairs for the 6 6 % scan of the tibia. This reduced 
paired sample size for the 6 6 % scan of the tibia was due to some recruits' iegs being 
too large to fit through the pQCT scanner. Table 6 . 6  and Table 6.7 present the 
results for the radius and tibia respectively. As the pQCT data was non-parametric, 
Mann-Whitney U tests were used to test for differences between stress fracture 
cases and controls. There were no differences in bone parameters at the 4% or 
6 6 % radius between stress fracture cases and controls. In the tibia, differences 
between stress fractured recruits and controis were apparent in all segments, with 
the 38% tibial segment showing lower total bone CSA and strength-strain index 
(SSI) (P<0.005). There was no difference in tibial muscle area between stress 
fractured recruits and controis (assessed at the 6 6 % tibial slice).
There were correlations between radial BMC and vBMD (measured by pQCT) and 
BMC and aBMD of the lumbar spine, hip and total body (assessed by DXA) (r=0.23 
to r=0.63, P<0.01). Tibial BMC (measured by pQCT) was associated with hip, spine 
and total body BMC (DXA) (r=0.27 to r=0.48, P<0.01). In terms of bone density, only 
total body, not hip or iumbar spine, aBMD (assessed by DXA) was associated with 
tibial vBMD (assessed by pQCT) (r=0.21, P<0.05).
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Chapter 6
6.3.5 Factors influencing bone density and strength 
Physical characteristics and bone parameters
Table 6 . 8  presents the Spearman correlation coefficients between aBMD (from DXA 
scans) at the various sites, and physicai characteristics of volunteers scanned, 
independent of stress fracture. Age was negatively associated with aBMD at the 
trochanter and Ward's areas of the hip, but positively associated with total body 
aBMD (P<0.01). Body mass was positively related to aBMD of the lumbar spine, 
femoral neck, total hip and total body (P<0.05), whilst height only related to aBMD 
at the lumbar spine, femoral neck, and total body (P<0.05). There was no 
association between aBMD and aerobic fitness at the Start o f Training, self- 
reported pre-RM training (data not shown), or smoking status. BUA was associated 
with aBMD at ail sites, and to BMC of the lumbar spine, femoral neck. Ward's area 
and whole body (P<0.05). There were no associations between dietary factors and 
bone parameters assessed with DXA.
To examine which factors were independent predictors of aBMD and BMC, 
standard linear regression analyses were performed, using body mass, age, 
smoking, stress fracture and BUA score as independent variables. Analyses 
consistently identified body mass, BUA score and stress fracture as the independent 
variables most associated with BMC and aBMD of the lumbar spine, hip and total 
body. As an example, multiple regression analysis for whole body aBMD is 
presented in Table 6.9. This model explained 67% of the variance in whole body 
aBMD.
180
Chapter 6
Table 6 . 8  Spearman rank correlation coefficients between bone density and 
content, and physicai characteristics and BUA.
Site Age Height BodyMass BUA
aBMD LS 0 . 1 2 0 .2 2 * 0.35*** 0.27**
FN -0.07 0.18* 0.24** 0.31***
FT -0.34*** 0.05 0.08 0.24**
FW -0.24** 0.08 0 . 1 0 0.31***
Total hip -0 . 1 1 0.09 0 .2 1 * 0.25**
Total body 0.25** 0.24** 0.48*** 0.31***
BMC LS 0 . 1 2 0.46*** 0.47*** 0 .2 2 *
FN -0 . 1 1 0.35*** 0.30** 0 .2 1 *
FT -0 .2 2 * 0.28** 0.26** 0.14
FW -0 .2 2 * 0.04 0.05 0.27**
Total hip -0.04 0.34*** 0.34*** 0.08
Total body 0 .2 1 * 0.52*** 0.67*** 0 .2 1 *
Notes: Significant at *P<0.05, **P<0.01, "> < 0 .0 01
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Table 6.9 Linear regression for predictors of whole body aBMD assessed by DXA.
95% Cl for B
B(SE) StandardisedB t P Lower Upper
Age 0 . 0 0 2  (0 .0 0 2 ) 0.061 0.848 0.398 -0 . 0 0 2 0.006
Height -0.032 (0.138) -0 . 0 2 0 -0.233 0.816 -0.305 0.241
Body mass 0.006 (0 .0 0 1 ) 0.486 5.403 <0 . 0 0 1 0.004 0.009
Stress
fracture -0.051 (0.013) -0.262 -3.879 <0 . 0 0 1 -0.077 -0.025
BUA 0 . 0 0 2(<0 .0 0 1 ) 0.295 4.390 <0 . 0 0 1 0 . 0 0 1 0 . 0 0 2
The relative contribution of factors found to be associated with an increased risk of 
stress fracture in Chapter 5, together with DXA and pQCT variables (entered singly 
due to high intercorrelation), was assessed using logistic regression. Table 6.10 
presents the logistic regression for factors influencing stress fracture risk in this 
case-control study, including whole body BMD. This variable had the greatest 
influence on stress fracture risk compared with other variables from the DXA scans. 
Factors which have been controlled for in the study design (i.e. matched between 
each stress fracture case and control) were necessarily omitted from this analysis. 
Whole body BMD was an independent predictor of stress fracture risk in this model 
(P<0.05). The model explained between 17 -  22% of the variance between recruits 
who suffered a stress fracture compared with those who did not experience a stress
fracture during training (x (5df) = 19.6, P = 0.001).
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Table 6.10 Logistic regression for predictors of stress fracture including whole body 
BMD in a case-control study on RM recruits.
B(SE) Wald Sig.
Odds
ratio
95% Cl 
Lower Upper
1 Constant 11.73 (3.48)
History of smoking 0.50 (0.48) 1 . 1 1 0.29 1.649 0.650 4.184
Milk intake (0-12y) ' 0.48 (0.43) 1.23 0.27 0.618 0.264 1.448
Fizzy drink intake (12-18y) ' -0.19 (0.43) 0 . 2 0 0.65 1 . 2 1 1 0.525 2.794
Serum 25(OH)D <60nmol.L'^ 0.73 (0.43) 2.85 0.09 2.075 0.899 4.846
Whole body BMD (g.cm' )^ -8.79 (2.64) 11.13 0 . 0 0 1 0 . 0 0 0 0 . 0 0 0 0.27
Note: i. Median split.
Table 6.11 and Table 6.12 present non-parametric correlations between pQCT 
variables and physical characteristics and BUA. At the distal radius, height, body 
mass and BUA were each moderately correlated with at least one of variables 
presented. In contrast, at the 38% tibial slice, there were no associations between 
height and pQCT variables, but moderate correlations between body mass and all 
pQCT variables except cortical density and thickness. BUA was only correlated with 
cortical vBMD of the tibia (38% slice), and not with any other bone parameters. 
This is in contrast to the consistent correlations between BUA and aBMD of the 
lumbar spine, hip and whole body, as assessed with DXA.
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Table 6.11 Spearman rank correlation coefficients between pQCT variables of the 
4% slice of the radius and physical characteristics and BUA.
pQCT variable (4% radius) Age Height Body Mass BUA
Total CSA (mm^) -0.04 0.30*** 0.26** -0.13
Total Content (mg.mm'^) 0.08 0 .2 1 * 0.29** 0.08
Total Density (mg.cm'^) 0.18* -0.14 0.03 0.25**
Trab CSA (mm^) -0.04 0.30*** 0.26** -0.13
Trab Content (mg.mm'^) -0.03 0 .2 1 * 0.15 0.04
Trab Density (mg.cm'^) 0.07 -0.03 -0.03 0.24**
Note: Significant at *P<0.05, **P<0.01, *"p<0.001
Table 6.12 Soearman rank correlation coefficients between oQCT variables of the
38% slice of the tibia and ohvsical characteristics and BUA.
pQCT variable (38% tibia) Age Height Body Mass BUA
Total CSA (mm^) 0.06 0.17 0.42*** 0 . 0 0
Total Content (mg.mm'^) 0.14 0.14 0.41*** -0.05
Total Density (mg.cm'^) 0 . 1 1 -0 . 1 2 -0.24*** -0.03
Cort CSA (mm^) 0 . 1 0 0.07 0.38*** -0.03
Cort Content (mg.mm'^) 0.16 0.07 0.41*** -0.08
Cort Density (mg.cm'^) 0.35*** 0.05 0.13 -0 .2 1 *
Cort Thickness (mm) 0.07 -0.09 0 . 0 2 -0 . 0 2
Periosteal Circum (mm) 0.06 0.16 0.39*** -0.03
Endosteal Circum (mm) 0 . 0 0 0.17 0.32*** -0 . 0 2
Polar SSI (mm^) 0.14 0.13 0.43*** -0.03
Note: Significant at P<0.05, P<0.01, P<0.001
Linear regression analysis found BUA and body mass, but not stress fracture, age or 
height, to be independent predictors of tibial BMC (38% slice) (R  ^ = 0.49) (Table 
6.13). In contrast, regression analysis of vBMD at the 38% tibial slice identified no 
significant relationships between age, height, body mass, BUA or stress fracture and
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vBMD of the tibia (R^  = 0.29). When multiple regression analysis was conducted for 
vBMD of the distal radius, the only factor to influence radial vBMD at the 4% slice, 
when the same group of variables were included, was BUA score (R^  = 0.29) (data 
not shown). There were no associations between dietary factors and bone 
parameters assessed with pQCT.
Table 6.13 Linear regression for predictors of tibial BMC (38% slice) assessed bv 
pQCT.
95% Cl for B
B(SE) StandardisedB t P Lower Upper
Age -0.68 (1.31) -0.05 -0.52 0.60 -3.27 1.91
Height -87.76(83.29) -0 . 1 1 -1.05 0.29 252.8 77.26
Body mass 3.03 (0.68) 0.49 4.48 <0 . 0 0 1 1.69 4.38
Stress fracture -11.02 (7.83) -0 . 1 2 -1.41 0.16 26.53 4.49
BUA 0.50 (0.23) 0.18 2.19 0.03 0.05 0 . 1 0
Table 6.14 presents the logistic regression for factors influencing stress fracture risk 
in this case-control study, including total BMC of the 4% slice of the radius. This 
variable had the greatest influence on stress fracture compared with other radial 
pQCT variables. Factors which were controlled for in the study design (i.e. matched 
between each stress fracture case and control) were necessarily omitted from this 
analysis. Total content of the 4% radial slice was an independent predictor of stress 
fracture risk in this model (P<0.05). The model explained between 10 -  13% of the 
variance between recruits who suffered a stress fracture compared with those who 
did not experience a stress fracture during training (x^(5df) = 11.0, P = 0.05).
185
Chapter 6
Table 6.14 Logistic regression for predictors of stress fracture, including total BMC 
of 4% slice of the radius, in a case-control study on RM recruits.
Odds 95% Cl
B(SE) Wald Sig. ratio Lower Upper
Constant 4.17 (1.84) 5.14 0 . 0 2
History of smoking 0.17 (0.45) 0.14 0.70 1.188 0.494 2.857
Milk intake (0-12y) ' 0.56 (0.43) 1.69 0.19 0.574 0.248 1.328
Fizzy drink intake (12- 
18y)'
-0.18 (0.42)
0.17 0.70 1.191 0.521 2.723
Serum 25(OH)D 
<60nmol.L'^
-0.55 (0.43)
1.63 0 . 2 0 1.735 0.745 4.044
4% slice of the radius: 
total BMC (mg.mm'^)
-0.03 (0.01) 5.01 0.03 0.976 0.955 0.997
Note: I. Median split.
Table 6.15 presents the logistic regression for factors influencing stress fracture risk 
in this case-control study, including the strength-strain index of the 38% slice of the 
tibia. Factors which were controlled for (i.e. matched between each stress fracture 
case and control) were necessarily omitted from this analysis. The strength-strain 
index of the 38% slice of the tibia was an independent predictor of stress fracture 
risk in this model (P<0.05). However, this model only explained between 9 -  12% of 
the variance between recruits who suffered a stress fracture compared with those 
who did not experience a stress fracture during training (x  ^(5df) = 11.0, P = 0.08).
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Table 6.15 Logistic regression for predictors of stress fracture, including strength- 
strain index of the 38% slice of the tibia, in a case-control study on RM 
recruits.
Odds 95% Cl
B(SE) Wald Sig. ratio Lower Upper
Constant 3.23 (1.44) 5.16 0.03
History of smoking 0.09 (0.44) 0.04 0.84 0.913 0.384 2.172
Milk intake (0-12y)^ 0.54 (0.43) 1.58 0 . 2 1 0.581 0.249 1.354
Fizzy drink intake (12- 
18y)/^ -0.13 (0.42) 0.09 0.77 1.133 0.673 3.562
Serum 25(OH)D 
<60nmol.L'^ 0.44 (0.43) 1.06 0.30 1.548 0.673 3.562
38% slice of the tibia: 
polar SSI (mm )^ <-0 . 0 1  (0 .0 ) 5.49 0 . 0 2 0.998 0.997 1 . 0 0 0
6.4 Discussion
To the best of the author's kno\A/ledge, this is the largest case-control study 
investigating BMD and other bone parameters in relation to stress fracture in 
military or civilian populations (athletes). Stress fracture cases and controls were 
matched for aerobic fitness, body mass, BMI and age, and both groups underwent a 
measurement protocol involving DXA, pQCT scans for assessment of BMD, BMC and 
bone structure, and BUA measurement for assessment of bone strength.
6.4.1 DXA findings
Stress fractured recruits had lower BMC and aBMD than their matched controls. 
These differences between stress fractured and control recruits, were observed in 
measurements across both the hip and the spine, and were still evident after 
adjusting for body mass. Therefore these findings were independent of body size. 
The results of the present study were consistent with the findings of Rouilles et ol. 
(1989), who reported lower BMD in n=41 stress fractured male military recruits 
compared with controls (matched for age, height, body mass and smoking and
187
Chapter 6
alcohol consumption). However, the controls in this earlier study were not 
matched for physical fitness, although cases and controls underwent the same 
physical training programme. The present study has demonstrated that physical 
fitness -  and specifically aerobic fitness -  was an important factor for bone health 
in RM recruits, and that aerobic fitness differs between recruits despite undertaking 
standardised physical training. In a cohort study in Finnish male recruits, BMD and 
BMC were lower at most sites in stress fractured recruits compared with non­
fractured recruits after adjustment for age, body mass, height, exercise, smoking 
(package years) and alcohol and calcium intake (Valimaki et al., 2005). This study 
reported an index of exercise history, and results of a strength test, and an aerobic 
fitness test at the start of military training. It is not clear from the term 'exercise' 
which of these factors was controlled for. Conversely, Armstrong et ol. (2004) 
reported no difference in BMD between n=31 stress fractured US Navy recruits 
(males and females) and matched controls (including matched for fitness). The 
difference in outcome between the present study and the US study may be due to 
the relatively small sample size of the US study, such that the study may have been 
statistically under-powered. In the present study, logistic regression analysis 
demonstrated that, of the factors not matched between cases and controls, aBMD 
of the total body was a significant factor in determining stress fracture risk. 
However, due to the study design, it was not possible to compare the relative 
importance of BMD with aerobic fitness and body mass, which were matched 
between each stress fracture case and their control.
A T-score for BMD is the number of standard deviations from the young adult mean 
value (30 y of age) (NHS, 2012). A T-score value of zero represents a BMD 
equivalent to the mean young adult value (of the same sex). The World Health 
Organization (WHO) has defined low bone mass (i.e. osteopenia) as a T-score of 
below -1 and osteoporosis as a T-score below -2.5 (World Health Organisation, 
1994). These criteria are most commonly applied to the older population to assess 
risk of fragility fractures due to bone loss associated with aging. In the present 
study, the age range of study volunteers was 16 -  32 y, such that a low T-score was
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more likely to be indicative of an individual not yet having achieved peak bone mass 
(PBM). The high proportion of recruits with a T-score below -1 for the lumbar spine 
(i.e. 49% for stress fractured recruits compared with 20% for control recruits) is of 
concern. This finding highlights that BMD may be less than optimal in recruits who 
did not suffer a stress fracture during training as well as those recruits who did 
fracture.
Sensitivity is the proportion of true positives (in this case stress fracture) that are 
correctly identified by the test, while specificity is the proportion of true negatives 
correctly identified by the test (Altman and Bland, 1994a). Assigning a BMD T-score 
of below zero to be the test, the lumbar spine had good sensitivity (85% of recruits 
with a stress fracture had a lumbar spine T-score below zero), but poor specificity 
(48% of non-stress fractured recruits had a lumber spine T-score above zero). 
Therefore, this criterion resulted in 52% of controls having a false-positive result. 
Conversely, BMD of the total hip and femoral neck both had poor sensitivity (28% 
and 38% respectively), but better specificity (82% and 78% respectively) than the 
lumbar spine.
Positive predictive value (PPV) is the proportion of patients with a positive test 
result who were correctly diagnosed (in this case had a stress fracture), while 
negative predictive value (NPV) is the proportion of patients with negative results 
who were correctly diagnosed (Altman and Bland, 1994b). This approach therefore 
gives the probability that the test gave the correct diagnosis. Again, assigning a 
BMD T-score of below zero to be the test, for the lumbar spine, the PPV was 62% 
and the NPV 76%. That is the proportion of recruits with a lumbar spine T-score 
below zero that actually had a stress fracture was 62%, and the proportion of 
recruits with a lumber spine T-score above zero who did not have stress fracture 
was 76%. Predictive values depend on the prevalence of the disease or injury in a 
population (Altman and Bland, 1994b), therefore they are of limited use when 
comparing between studies and populations where prevalence is likely to differ.
189
Chapter 6
6.4.2 pQCT findings 
Radius
To the best of the author's knowledge, this is the only study investigating stress 
fracture to have undertake pQCT measures of the radius. The forearm is the most 
commonly utilised site for peripheral pQCT assessment (Adams, 2009). Bone 
variables measured by pQCT (BMC and measures of bone strength) are effective in 
the prediction of osteoporotic fracture in later life (Adams, 2009; Sheu et al., 2011). 
In agreement with findings in osteoporosis, the present study found lower mean 
BMC of the distal radius in stress fractured recruits compared with controls. 
However, in a case-control study design such as this, it was not possible to assess 
the utility of radial pQCT in stratifying stress fracture risk.
Tibia
The 38% and 6 6 % pQCT slices of the tibia identified smaller cross-sectional area 
(CSA), BMC, bone circumferences, lower Ml and SSI in stress fractured recruits 
compared with matched control recruits. Polar Ml and SSI provide good measures 
of bone strength and are related to bone width (Laval-Jeantet et al., 1983; Turner 
and Burr, 1993). A narrower bone with an identical structure to a wider bone 
would therefore be weaker and less resistant to stress (Martin, 1991). Findings 
from the present study indicated that recruits with narrower tibiae were at a 
greater risk of stress fracture, independent of body size. A slender tibia has 
previously been identified as a risk factor for stress fracture in male military recruits 
(Beck et al., 1996; Giladi et al., 1991; Milgrom et al., 1989) using DXA technology. 
There is some evidence that bone attempts to compensate for this functional 
inequivalence by increased bone mineralisation (Evans et al., 2008a). However, this 
compensatory adjustment appears to only occur within a small range (Jepsen et al., 
2 0 1 1 ), probably to protect the bone from a high degree of brittleness (and risk of 
accumulating damage) that would accompany extreme mineralisation (Tommasini 
et al., 2005). The theory of increased mineralisation as a compensatory mechanism 
in thinner tibiae was supported by the findings from the present study, where 
vBMD was higher in stress fractured recruits compared with control recruits at the
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38% tibial slice, and there was a strong negative correlation between CSA and 
vBMD (r=-0.82, P<0.001). Furthermore, in the eight recruits who suffered more 
than one stress fracture and who underwent pQCT scanning, the mean vBMD of the 
38% tibial slice was 891 ± 60.7 mg.cm'^ compared with 830 ± 62.4 mg.cm'^ in 
recruits who suffered a single stress fracture (n=57) and 814.7 ± 84.0 mg.cm'^ for 
the control group (n=65) (P<0.05 for the difference between recruits with two or 
more fractures and controls, ANOVA). This further suggests that a high tibial vBMD 
increases the risk of stress fracture.
Muscle Size
From the pQCT measurements, muscle area at the 6 6 % tibia was not different 
between stress fractured and control recruits. This was surprising given the inverse 
association between calf girth and stress fracture risk reported in Chapter 3 of this 
thesis. However, the case-control nature of the present study, where control 
recruits were matched with stress-fractured recruits for body mass, height, BMI, 
age and aerobic fitness, is likely to have screened out much of the variability in 
muscle size. Calf and thigh girths were measured in the entire cohort in Chapter 3; 
where stress-fractured recruits (n=30) had smaller thigh and calf girths compared 
with recruits who did not stress fracture (n=515). However, differences in lower 
limb girths between stress fractured recruits and the remainder of the cohort were 
no longer apparent after adjusting for body mass, which is itself an important risk 
factor for stress fracture. In a cohort study. Beck et ol. (1996) reported similarly 
smaller thigh and calf girths in stress fractured cases compared with non-stress 
fractured military recruits. These authors also reported a difference in thigh muscle 
size between the two study groups after adjusting for body size (calf girth not 
reported). Smaller calf muscle size has been observed in female runners who had 
suffered a stress fracture compared with controls matched for age, body mass, 
aerobic fitness and exercise history (Popp et al., 2009). However, the mean time 
between stress fracture and measurement was three years. Muscle is able to 
absorb one hundred times more shock (force) than bone (Giladi et al., 1991). Thus,
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larger, stronger muscles may be better able to protect bone from the stress of 
repetitive impact associated with military physical training and sport.
6.4.3 Diet and bone parameters assessed with DXA and pQCT
The lack of associations between dietary factors and bone parameters in the 
present study is in contrast to the findings of Ruffing et al. (2006) in US male 
military recruits. These authors reported greater tibial BMC and cortical thickness 
(assessed with pQCT) and greater hip and lumbar spine aBMD (assessed with DXA) 
in the highest consumers of milk during the previous year (at least three glasses per 
day). In the present study, habitual milk intake was assessed from the FFQ. Neither 
quartiles of calcium intake, nor levels of milk intake, related to DXA or pQCT 
measures. However, from the cohort study reported in Chapter 5, aspects of 
childhood and adolescent diet did influence bone quality as assessed by BUA. The 
smaller sample size in the present study may offer an explanation as to why no 
associations to DXA and pQCT variables were found.
6.4.4 Strengths and limitations
This is the largest study to have utilised pQCT in the investigation of stress fracture, 
and has shown the utility of this technique in identifying bone parameters 
associated with stress fracture. The case-control study design identified differences 
in BMD, BMC and other bone parameters, but this type of study does not permit 
analyses to address the value of these parameters in terms of identifying an 
individual's predisposition to stress fracture.
The resolution of the Stratec XCT 2000L was 0.5 mm. This crosses the range of 
cortical pore size. Cortical BMD is influenced by the ash content and the porosity 
(Jepsen et al., 2011), such that the resolution of the pQCT assessment may result in 
an error regarding cortical BMD, and hence bone strength.
The time-lag of up to eight weeks between stress fracture and scans may be a 
potential confounder to the findings. Changes in bone parameters assessed with
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pQCT have been shown across ten weeks of basic Army training (Izard et al., 2011), 
demonstrating that measurable bone remodelling can occur during this time frame 
in young adults.
6.4.5 Conclusions
Stress fractured recruits had lower BMC and aBMD of areas of the hip, spine and 
whole body than matched controls (assessed by DXA). Stress fractured recruits also 
had lower tibial BMC, CSA and bone strength indices than matched controls 
(assessed by pQCT). However, vBMD of the tibia was higher in stress fractured 
recruits than controls, possibly indicating a degree of compensation for the smaller 
bone size. This compensation was particularly apparent in recruits who suffered 
more than one stress fracture, suggesting that high vBMD may increase the risk of 
stress fracture in this population.
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Chapter 7 
General Discussion
7.1 Thesis aims
The purpose of this thesis was to explore the influence of past and present nutrition 
on bone health, risk of stress fracture, and the likelihood of a recruit successfully 
completing Royal Marine training. This is a unique population of physically fit 
young males who undertake 32 weeks of the toughest initial military training. 
Previous work supported a very real and urgent need to investigate stress fracture 
in RM recruits for two reasons (Munnoch and Bridger, 2007; Ross and Allsopp, 
2002; Valimaki et al., 2005). First, to contribute to the scientific literature on the 
risk factors associated with stress fracture in physically fit young males, and the 
influence of past and present nutrition on fracture risk. Second, to provide practical 
advice to colleagues leading and supporting RM recruit training at CTCRM in terms 
of recruit characteristics and behaviours that would present the greatest risk for 
injury, and thus identify potential measures that could be taken to reduce this risk.
7.2 Model for stress fracture risk
In this population of young male RM recruits, aged 16 -  33 y, the prevalence of 
stress fracture ranged from 5.5% (in recruits who commenced training between 
Sept 2007 and Feb 2008; Chapter 3) to 6.7% (in recruits who commenced training 
between Sept 2009 and July 2010; Chapter 5). In Chapter 3, aerobic fitness and 
thigh girth (but not body mass) were independent predictors of stress fracture risk 
in this model (n=545). Whilst in the larger (n=1090) cohort from the study in 
Chapter 5, logistic regression analysis indicated that body mass, BUA and milk 
intake during childhood (but not aerobic fitness) were independent risk factors in 
this model. To clarify the relative importance of body mass and aerobic fitness in 
the prediction of stress fracture, the two data sets were combined and logistic 
regression analysis undertaken for the variables common to both data sets (i.e.
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body mass, aerobic fitness and smoking). Body mass and aerobic fitness, but not 
smoking, were independent predictors of stress fracture risk. Further analysis on 
the combined data set indicated that recruits who had a body mass of less than 65 
kg at the Start of Training were twice as likely to develop a stress fracture 
compared with recruits starting training with a body mass of 65+ kg (OR 2.1, Cl 1.2- 
3.6). Recruits in the lowest quintile for BMI (i.e. less than 22 kg.m'^ at the Start of 
Training) were nearly two and a half times more likely to experience a stress 
fracture than recruits with a BMI in the third quintile (i.e. BMI 23.1 -  24.0 kg.m'^) 
(OR 2.4, Cl 1.1-3.1). Stress fracture risk decreased with greater aerobic fitness at 
the Start of Training, such that a recruit with a MSFT score below Level 11.1 had 
twice the risk of stress fracture compared with a recruit with a MSFT score of 12.5 
or more (OR 2.0, Cl 1.1-3.9).
Stress-fractured recruits and controls were matched for age, body mass, BMI and 
aerobic fitness in the study reported in Chapter 6 . Compared with matched 
controls, stress fractured recruits were found to have lower aBMD and BMC of the 
hip, lumbar spine and whole body, assessed by DXA. Whilst pQCT identified lower 
BMC, bone strength indices and narrower tibiae in stress fractured recruits 
compared with matched controls. Consistent with the literature, higher vBMD at 
the 38% tibial slice was found in stress fracture cases than in controls (Evans et al., 
2008a; Jepsen et al., 2011), suggesting a degree of compensation for the smaller 
bone size. Logistic regression analyses highlighted the importance of BMD and 
other bone parameters as independent predictors of stress fracture risk. However, 
the case control study design meant that the influence of bone parameters on 
stress fracture risk could not be compared in terms of relative importance with the 
influences of aerobic fitness and body mass.
An investigation into risk factors for stress fracture during RM training would fail to 
be of full value if it did not have practical application. There will probably always be 
young males with a body mass of 65 kg, who have had a poor diet during childhood, 
but who are emotionally and psychologically highly motivated to become a Royal
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Marine. The relevant question from a military perspective is therefore, in potential 
recruits who represent a physical risk but who could be of considerable military 
value to the Corps, '...how can the risk of injury be reduced in these young men on 
their journey to becoming Royal Marines'?
7.3 Selection criteria in relation to stress fracture risk
Selection criteria for RM training reflect the basic standard which recruits must 
attain to be eligible for entry to RM training. These standards are at the crossroads 
between the optimal physical and mental capabilities for a Royal Marine, and the 
wider general pressures of recruitment to the Corps and the required 'gains to 
strength'. Data presented in this thesis has provided strong evidence for thresholds
in physical selection criteria, below which there may be an unacceptably high risk of
stress fracture. Specifically, these thresholds are:
• Body mass below 65 kg
• BMI below 22 kg.m'^
• MSFT score below Level 11.1 (50.5 ml.kg'^min"^)
Low body mass and poor aerobic fitness at the Start of Training were also identified 
in Chapter 3 to be linked to a reduced chance of successfully completing training. 
Although adhering strictly to these standards may reduce the number of recruits 
who are eligible to enter RM training, there would be reduced financial investment 
in recruits who would be less likely to complete training, and a further cost saving 
(in terms of rehabilitation) from not accepting individuals at higher risk of injury. 
An estimation of the cost of rehabilitating a recruit from stress fracture is of the 
order of £30k, depending on the site and severity of the injury.^
^Informal discussion with Principle Medical Officer at CTCRM, July 2012.
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7.4 Guidance to potential recruits in relation to stress fracture risk and
training success
Young men who are considering applying for RM training receive information and 
training advice regarding the physical selection standards, and how these might be 
achieved. However, this thesis has identified other factors, besides those involved 
in selection, which may influence the likelihood of injury and the chance of 
completing training. Thigh girth and corrected calf girth (corrected for skinfold 
thickness) were lower at the Start of Training in those recruits who suffered a stress 
fracture than in those who did not fracture during RM training (P<0.05). Potential 
recruits would therefore be well advised to include some leg strengthening work as 
part of their preparation. Traditionally, emphasis in RM training has been placed on 
aerobic fitness and upper body strength, and this is reflected in the format of the 
RMFA (MSFT, press ups, sit ups and pull ups).
In terms of nutrition, analysis of recruits' previous diet (Chapter 5), identified that 
vegetable intake during adolescence was associated with poor bone quality 
(P<0.05). A low or moderate milk intake during childhood (<1 pint.d'^) was 
associated with an increased risk of fracture compared with recruits who had a high 
milk intake (> 1 pint.d'^). Conversely, a low intake of fizzy drinks ( 0 - 3  times.wk'^) 
during adolescence was associated with a lower stress fracture risk compared with 
a high intake (> 6  times.wk'^) (P<0.05). Whilst most potential recruits will be well 
beyond childhood before considering joining the Royal Marines, 18% of recruits 
from the combined data set (Chapters 3 and 5) were under the age of 18 y. Other 
studies have found associations between high intakes of refined food and fizzy 
drinks and poor bone health in adolescents and young adults (McGartland et al., 
2003; Whittle et al., 2012).
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Therefore all potential recruits would be advised to:
• Reduce intakes of fizzy drinks
• Increase milk intake
• Reduce the consumption of refined/processed foods
• Increase fruit and vegetable consumption
7.5 Stress fracture reduction during RM training
The lack of associations between dietary intake during training and stress fracture 
risk may have been due to the small number of stress fractures in Chapter 3 (n=30). 
However, low energy intake during RM training was associated with a poorer 
chance of completing training. Associations between energy metabolism and bone 
turnover (Ducy et al., 2000; Ihle and Loucks, 2004), might indicate a disruption in 
bone turnover in an energy-deficient state. Short-term negative energy balance 
reduced bone formation and increased resorption in female military recruits (Ihle 
and Loucks, 2004). Therefore, periods of inadequate energy intake during training 
in the face of high rates of energy expenditure may influence bone health as well as 
training outcome.
A serum 25(OH)D concentration -  which provides an index of vitamin D status -  of 
below 60 nmol.L'^ was associated with an increased risk of stress fracture. When 
entered into the logistic regression analysis, serum 25(OH)D concentration of below 
60 nmol.L'^ was not an independent risk factor for stress fracture, unlike body mass, 
BUA and childhood milk intake (Chapter 5). However, vitamin D status is potentially 
modifiable during RM training, and improving the vitamin D status of recruits is 
therefore a possible strategy to reduce stress fracture risk during RM training. In 
Chapter 3, the mean vitamin D intake during RM training (week-17) was 4.2 ± 2.1 
pg.d'^. The literature suggests that an intake of at least 20 pg.d'^ is likely to be 
required to maintain a serum 25(OH)D concentration above 60 nmol.L'^ (Cashman 
et al., 2008; Heaney, 2003; Hollis, 2005). Thus, it would be almost impossible to 
achieve the required level of vitamin D intake by diet alone, such that a 
supplementation strategy would be required.
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In terms of calcium intake, during training, between 17% and 44% of recruits (week- 
17 and week-32 respectively) were failing to consume the recommended calcium 
intake (1000 mg.d'^) (Casey, 2008). However, calcium intake during RM training did 
not associate with stress fracture risk. This finding is consistent with the literature, 
where previous studies have reported no relationship between calcium intake 
during military training and risk of stress fracture (Chatzipapas et al., 2008; Lappe et 
al., 2001). However, with adolescent milk intake associated with bone health 
(Chapter 5), there would be an argument for promoting milk intake during training, 
particularly amongst the younger recruits.
7.6 Nutrition for training success
From Chapter 3, those recruits who went on to successfully complete RM training 
were consuming more energy during training (Week-17) than those who failed to 
complete training. Additionally, CHO intake appears to be of particular importance, 
with recruits consuming less than SOOg.d'  ^ less likely to pass out than those 
consuming more than SOOg.d'  ^ (OR 2.4, Cl 1.2-4.8). These findings highlight the 
importance of recruits and training teams prioritising meal times, such that 
adequate time is allowed for meals to be consumed. Recruits also need to be 
advised on the importance of consuming adequate carbohydrate, in terms of the 
types and quantities of carbohydrate-rich foods that need to be eaten to meet the 
recommended intake of SOOg.d' .^ To account for the differences in energy intake 
between successful and unsuccessful recruits, analyses of micronutrient intakes 
were undertaken using energy-adjusted intakes, as recommended in the literature 
(Willett and Stamper, 1998). Despite a higher proportion of unsuccessful recruits 
compared to successful recruits failing to meet recommended intakes for several 
micronutrients (e.g. vitamin C, biotin, calcium, magnesium and zinc), there were no 
differences in energy-adjusted micronutrient intakes between successful and 
unsuccessful recruits. This suggests that overall energy intake is the most 
important nutritional factor in terms of association with training outcome. Lower 
energy intakes were reported by those recruits who attended the Medical Centre
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for illness and for injury (data not shown), further highlighting the importance of 
adequate energy intake during training.
7.7 Practical applications of the findings
From the evidence presented in Chapter 3, CTCRM increased the minimum body 
mass for a recruit entering RM training from 60 kg to 65 kg, and continued to 
emphasise the importance of aerobic fitness during the selection process. A 
nutritional campaign was instigated, to encourage recruits in training to prioritise 
nutrition and to appropriately refuel after a physical training serial to maximise 
their chance of successfully completing training.
Chapters 4 and 5 identified that BUA was able to identify recruits at increased risk 
of stress fracture. This technique could be used to screen for potential recruits at 
high risk of stress fracture, and appropriate advice could be given in terms of pre- 
RM training and/or nutrition to reduce this risk. However, a combination of body 
mass, BMI, age and physical fitness (measures that are routinely undertaken during 
selection and again at CTCRM during the first week of training), was able to predict 
stress fracture risk as well as BUA score.
The findings from the studies reported in Chapters 5 and 6  have yet to be presented 
formally to CTCRM. In terms of the practical implications of the evidence collated 
in these studies, the link between vitamin D status at the Start o f Training and 
stress fracture risk is a key finding that could potentially be taken forward as a risk 
mitigating strategy. Vitamin D supplementation could be offered to all recruits; 
however the potential efficacy of such a programme would first need to be 
evaluated through a randomised controlled trial. Although not statistically 
significant, a healthy dietary pattern (high intakes of fruit, vegetables and dairy, and 
low intakes of fizzy drinks and confectionary) in the weeks prior to starting RM 
training trended towards greater training success (data not shown in this thesis). 
These findings could inform the educational material delivered to potential recruits 
at selection, to aid their preparations for RM training.
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7.8 Strengths and limitations
The studies reported in this thesis were based on large volunteer samples, such that 
there is substantial confidence in the study findings. The cohort study reported in 
Chapter 3 included measures from n=545 RM recruits, whilst the study reported in 
Chapter 5 comprised a comprehensive battery of assessments for known risk 
factors for stress fracture in n=1090 RM recruits. The broad spectrum of measures 
(including physical characteristics, fitness, diet, smoking, and bone assessments) 
undertaken in this thesis was central in identifying key predictors of stress fracture 
risk within this population. The two data sets (from Chapters 3 and 5) provide very 
strong evidence for the risk factors for stress fracture during RM training, and are 
some of the largest studies into stress fracture undertaken worldwide. In Chapter 
6 , stress fracture cases were carefully matched for variables found in Chapter 3 to 
be associated with stress fracture risk. This detailed matching, plus the large 
number of matched pairs (n=65), allowed a tight comparison to be made between 
BMD and other bone parameters in stress fractured recruits and uninjured control 
recruits.
This thesis had a very strong occupationally applied element to it, as well as 
undertaking robust scientific investigations. This applied approach ensured that the 
work provided valuable evidence to CTCRM with regards to factors associated with 
training success and stress fracture injury risk. Thus, as well as providing 
information to further develop wider understanding of bone health, this work has 
presented evidence to increase the training success rate, and reduce stress fracture 
risk, through appropriate physical selection standards and nutrition. Findings from 
this work have already been incorporated into RM recruit selection.
The lack of PTH analysis, to complement the 25(OH)D analysis, is a limitation in the 
interpretation of the vitamin D findings. PTH is elevated during vitamin D 
insufficiency, such that it provides a marker for vitamin D insufficiency which is 
distinct from the onset of symptoms and increased fracture risk. There is potential
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for this analysis to be undertaken, funding permitting, as serum samples are still 
being stored at -80°C.
In terms of bone turnover, only bone resorption was assessed through the analyses 
of serum CTx. The bone remodelling process involves both bone resorption and 
bone formation, thus this study only provided half the picture. There is a 
suggestion that bone remodelling may be uncoupled during episodes of energy 
depletion or stress (Confavreux et al., 2009), such that there would be a benefit to 
assessing markers of both bone resorption and formation during RM training. 
Additionally, assessment of bone formation as well as bone resorption in recruits 
who stress fractured and those who did not would provide a greater insight to 
potential differences between the fractured and uninjured groups.
7.9 Future Directions
Recently, the identification of gene variants throughout the entire human genome 
that are associated with osteoporosis have been identified, using a method known 
as Genome Wide Association Scanning (GWAS) (Ensrud et al., 1999; Ferrari, 2008; 
Ferrari et al., 2004; Styrkarsdottir et al., 2008). However, to date, this approach has 
not been applied to the study of stress fracture pathogenesis. Indeed, the number 
of genetic association studies has been few. Polymorphism of the vitamin D 
receptor gene has been associated with stress fractures risk in military recruits 
(Chatzipapas et al., 2009). Ethical approval has been granted by MODREC to the 
Institute of Naval Medicine, University College London and the University of Surrey, 
for a study into gene variants linked to stress fracture using the GWAS technique.
From the finding that two thirds of recruits had a serum 25(OH)D concentration 
below 60 nmol.L'^ in the winter, which has been identified as the threshold for 
minimising stress fracture risk, there is an argument for an intervention study 
involving vitamin D supplementation. Lappe et al. (2008) found that 
supplementation with vitamin D (800 lU) and calcium (2000 mg) in female US
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military recruits reduced the risk of stress fracture by 20%. However, no vitamin D 
supplementation studies have to date been undertaken in UK military recruits.
The CTx data from the present study, as a marker of bone resorption, showed a 
potential pattern of higher bone resorption in recruits who suffered a stress 
fracture and those who did not. However, this picture is far from clear, and no 
measure of bone formation was undertaken. In order to better understand the role 
of bone turnover in stress fracture during RM training, a simultaneous assessment 
of markers of bone formation and bone resorption (a range of which have been 
utilised in the literature (Banfi et al., 2010)) could be undertaken in a cohort design 
study, similar to that reported in Chapter 5.
7.10 Unique contribution of this thesis
The FRC developed in Chapter 2 represents a novel and bespoke approach to 
dietary intake data collection, specifically design for use with the military. The FRC 
template has been utilised in further key studies in UK military personnel and has 
contributed to the greater knowledge of nutritional intakes and requirements of 
the UK Armed Forces.
The body of work presented in this thesis represents the first time that risk factors 
for stress fracture within RM training have been so extensively evaluated. As the 
longest and most arduous initial military training programme within NATO, it was 
important to investigate the relative importance of factors associated with stress 
fracture in this unique population, and not to base recommendations for reducing 
injury risk on findings from the literature. Whilst several of the factors influencing 
stress fracture risk in RM recruits have been identified as risk factors in other 
military training programmes (e.g. body mass, aerobic fitness, and vitamin D 
insufficiency), other factors reported in the literature (e.g. smoking, weight loss, tall 
height) have been shown in this work not to be associated with stress fracture risk 
in RM recruits.
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The data from the measures taken in Chapters 3 and 5 have been reported in terms 
of their associations to training success, as well as injury, in a series of Institute of 
Naval Medicine reports. As the biggest review of physical, lifestyle and nutritional 
factors in RM training, this is a unique database for CTCRM that has, and can be 
further, used to inform selection standards, education and interventions to reduce 
injury risk and improve training success.
Chapter 5 is the first study to the author's knowledge to have linked the intakes of 
milk during childhood to stress fracture risk, and intake of fizzy drinks during 
adolescence to stress fracture risk. This study also identified the importance of 
adequate vitamin D status in reducing stress fracture risk for the first time in the 
UK. This study thus provides a unique contribution to the bone health literature.
The study reported in Chapter 6  is, to the author's knowledge, the largest case- 
control study investigating BMD, BMC and other bone parameters in stress 
fractured individuals and matched controls. It is also the first study to have utilised 
pQCT in a case-control study design in stress fracture cases and matched uninjured 
controls.
In conclusion, this thesis provides a thorough insight into the physical and 
nutritional influences on training outcome and stress fracture in RM recruits 
undergoing 32 weeks of arduous training. The practical application of these 
findings could reduce injury incidence and improve training success during RM 
training. This ultimately would reduce the personal cost in terms of distress and 
discomfort to the individual, and provide savings with regards to the expense of 
rehabilitating recruits from injury.
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Appendix A: Meal-specific FRCs
INM  Study Food Record Card
Service No. 19/5/07 Breakfast
Quantity Leftovers How many Leftovers
Rice krispies & milk bowls White Bread/Toast slices
Cornflakes & milk bowls Brown Bread/Toast slices
Weetabix & milk bowls Tomato sauce
Branflakes & milk bowls Brown sauce
Cocopops & milk bowls Salt
Porridge bowls Salad cream
Sugar on cereal spoons Flora
Jam/marmalade
Sausage Apple/pear
Bacon Orange
Fried egg Banana
Poached egg Squash/ Screech* ml
Fried Bread Tea/coffee -  black* ml
Scrambled egg spoons Tea/coffee -  white* ml
Cooked tomatoes spoons Sugar in tea/coffee spoons
Baked beans spoons Other items: How much Leftovers
Mushrooms spoons
Blackpudding slices
Croissant
* Mug = 300ml, Sports bottle = 500ml or 750ml, black RM bottle = IL
A y id  N o w ,....
Foods and Drinks Consumed Since Last Meal in Galley
Please list all confectionary, food and drink that you have consumed since you last filled out a form in the
Description of Food or Drink Quantity
Where from *
(Please circle)
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D=Dutchy’s G=Galley J= Jim’s N=NAAFI A=Ashore
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INM  Study Food Record Card
18/5/07 Lunch
Quantity Leftovers How many Leftovers
King Rib in Bap White Bread/Toast slices
Sausage Roll Brown Bread/Toast slices
Fresh tomato sauce spoons Tomato sauce
Fish Pie portions Brown sauce
Hoi Sin Beef spoons Salt
Baguette: Egg
Tuna
Cheese
Meat
Salad cream
Flora
Apple/pear
Orange
Chips scoops Banana
Baked half potato Squash/ Screech*
Pasta spoons
Fried rice spoons Other items How much Leftovers
Gravy ladles
Baked beans spoons
Sweetcorn/ peppers spoons
Coleslaw spoons
Pasta salad spoons
Green salad spoons
Mug = 300ml, Sports bottle = 500ml or 750ml, black RM bottle = IL
A y id  N o w ... . .
Foods and Drinks Consumed Since Last Meal in Galley
Please list all confectionary, food and drink that you have consumed since you last filled out a form in the
Description of Food or Drink Quantity
Where from *
(Please circle)
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
* D= Dutehy’s G=Galley J= Jim’s N=]\ AAFI A=Ashore
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INM  Study Food Record Card
Service No. 18/5/07 Dinner
Quantity Leftovers How many Leftovers
Rump Steak White Bread/Toast slices
Tandoori chicken Brown Bread/Toast slices
BBQ Beef spoons Tomato sauce
Chicken lasagne portions Brown sauce
Pork curry spoons Salt
Roast Potato scoops Salad cream
Boiled Potato spoons Flora
Chive Rice spoons Apple/pear
Boiled Rice spoons Orange
Gravy ladles Banana
Roasted Root Veg spoons Squash/ Screech* ml
Carrots spoons Quantity Leftovers
Creamed Leeks spoons Apple Pie portions
Green Beans spoons Spotted Dick portions
Other items: How much Leftovers Syrup Sponge portions
Choc Muffins
Fruit Cake slices
Strawberry Gateaux slices
Custard ladles
Mug = 300ml, Sports bottle = 500ml or 750ml, black RM bottle = IL
A m I  N ow .,
Foods and Drinks Consumed Since Last Meal in Galley
Please list all confectionary, food and drink that you have consumed since you last filled out a form in the
Description of Food or Drink Quantity
Where from *
(Please circle)
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D= Dutchy s G=Galley J= Jim’s N=NAAFI A=Ashore
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INM  Study Food Record Card
Service No. 18/5/07 4“^ Meal
Quantity Leftovers How many Leftovers
Pork & bean hotpot spoons White Bread/Toast slices
Beef Curry spoons Brown Bread/Toast slices
Boiled Rice spoons Tomato sauce
Brown sauce
Rice krispies & milk bowls Salt
Cornflakes & milk bowls Salad cream
Weetabix & milk bowls Flora
Branflakes & milk bowls Jam/marmalade
Cocopops & milk bowls Apple/pear
Sugar spoons Orange
Banana
Other items: How much Leftovers Squash/ Screech* ml
* Mug = 300ml, sports bottle = 500ml or 750ml, black RM bottle = IL
N o w .....
Foods and Drinks Consumed Since Last Meal in Galley
Please list all confectionary, food and drink that you have consumed since you last filled out a form in the
Description of Food or Drink Quantity
Where from *
(Please circle)
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
D G J N A
*D=Dutchy’s G=Galley J= Jim’s N=NAAFI A=Ashore
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Appendix B: MODREC Ethical Approval for FRC validation study.
science I innovation I technolo
MINISTRY OF DEFENCE 
Level 1, Zone K, Main Building, 
Whitehall
London SW1A 2HB
telephone: 020 7218 6626 
e-mail: robert@foxlinton.org 
mobile: 07764616756
Dr JL Fallowfield,
Head of Applied Physiology, 
Environmental Medicine Unit, 
Institute of Naval Medicine, 
Alverstoke,
Gosport,
Hampshire P012 2DL.
Ref: 0724/109
14th May 2007
Dear Dr Fallowfield,
Re: Validation of a Bespoke Food Record Card (FRC) as a Method of Recording 
Dietary Intake in Royal Marine Recruits
Thank you for submitting this protocol for ethical review by the MoD Research Ethics 
Committee.
Dr Shaun Kilminster, Chairman of the RN Scientific Advisory Committee has 
approved the scientific merit of this research. 1 am happy to give ethical approval on 
behalf of MoDREC and should be grateful if you would send me a copy of your final 
report in due course.
1 hope the research goes well.
Yours sincerely.
Dr Robert Linton 
Chairman MoDREC
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Appendix C
RECRUIT FEEDBACK QUESTIONNAIRE Service No:
1) How well did you understand the purpose of the study?
Very well | | Quite well | | Not well at all | |
2) How easy was it to serve foods in whole or half spoonfuls/scoops etc, 
as described in the briefing?
Very easy | | Quite easy | | Not easy | |
3) How much extra time did it take to serve your meal in whole or half 
spoonfuls/scoops etc, as described in the briefing?
No extra time | | Less than 30 seconds | | More than 30 seconds | |
4) How well did the briefing help you to complete the Food Record Card 
(FRC)?
Very well | | Quite well | | Not well at all | |
5) How easy was it to record information about your meal on the FRC? 
Very easy | | Quite easy | | Not easy | |
6) How much time did it take to complete the FRC at the dining table?
No extra time I I Less than 1 minute I I More than 1 minute I I 
(filled in while eating) '— ' '— ' '---- '
7) How easy was it to recall what you had eaten and drunk since your 
last meal in the Galley?
Very easy I I Quite easy I I Not that easy I I
8) How likely is it that you have forgotten to record some of the items 
you have eaten or drunk since your last meal in the Galley on the 
FRC?
Certain | | Quite likely | | Not likely at all | |
9) How could the process be improved to make it easier for recruits to 
measure and record what they eat and drink?
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Appendix D: Generic lunch FRC
Service No.
INM  Study Food Record Card Lunch 
______________  Troop_______  Date____
Quantity Leftovers How many Leftovers
Main course:
spoons/
portions
spoons/
portions
White Bread slices slices
Brown Bread slices slices
Tomato sauce
Pizza:
Topping slices slices
Brown sauce
Salt
Baguette: Egg 
Tuna 
Cheese 
Meat
Salad cream
Flora
Apple/pear
Orange
Chips scoops scoops Banana
Baked half potato Squash*
Pasta spoons spoons
Plain Rice spoons spoons
Fried Rice spoons spoons Other items How much Leftovers
Vegetables:
Sweetcorn
Peas
O th e r:_________
____  spoons
__  spoons
____  spoons
____ spoons
__  spoons
____  spoons
Baked beans spoons spoons
Gravy ladles ladles
Coleslaw spoons spoons
Pasta salad spoons spoons
Green salad spoons spoons
* Cup = 200 ml, Mug = 300ml, Sports bottle = 500ml or 750ml, black RM bottle = IL
N o w .....
Foods and Drinks Consumed Since Last Meal in Galley
Please list all confectionary, food and drink that you have consumed since you last filled out a form in the 
galley
Description of Food or Drink Quantity
Where from *
(Please circle)
D J N A
D J N A
D J N A
D J N A
D J N A
* D= Date ly’s J= Jim’s N=ISAAFI A=Ashore
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Appendix E: MODREC Ethics Approval for the study reported in Chapter 3
science | innovation | technology
MINISTRY OF DEFENCE 
Level 1, Zone K, Main Building, 
Whitehall
London SW1A 2HB
telephone: 020 8877 9329 
e-mail: robert@foxlinton.org 
mobile: 07764616756
Dr Joanne Fallowfield, 
Environmental Medicine Unit, 
Institute of Naval Medicine, 
Alverstoke,
Gosport,
Hampshire P012 2DL.
Ref: 0734/119
6th September 2007
Dear Dr Fallowfield,
Re: The Relationship of Food Provision and Nutrient Intake to Training 
Outcome in Royal Marine Recruits during the 32-Week RS06 Training 
Programme vn 2.3
Thank you for submitting this interesting research protocol for ethical review and for 
amending it in line with comments from Dr Kilminster and the Committee at its 
meeting on 19* July.
1 am now happy to confirm ethical approval on behalf of MoDREC and should be 
grateful if you would send me a copy of your final report on completion of the study.
1 hope the work goes well.
Yours sincerely.
\/Va ~'\Tw
Dr Robert Linton 
Chairman MoDREC
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Appendix F: RECRUIT HEALTH HISTORY QUESTIONNAIRE
Surname:____________________________  First Names:_______________
Service No. DoB: L/R Dominance: LEFT ; RIGHT ; BOTH
Date: Ethnic Origin:
Do you have a family history of heart disease or early death? Yes / No
Are both your parents still alive? Yes / No
If either is dead, at what age(s) did they die? â___ years $. __ years
Do / did your parents, brothers or sisters suffer from asthma
or wheezing in the chest? Yes / No
Do you suffer from, or have you ever suffered from:
chest pain Yes / No
breathlessness on exertion Yes / No
dizziness on exertion Yes / No
collapse when exercising Yes / No
palpitations Yes / No
asthma/wheezing Yes / No
heat illness Yes / No
anaemia Yes / No
cold injury (freezing or non-freezing) Yes / No
poor circulation (“Raynauds”) Yes / No
If yes to any, please give details:
Have you ever been admitted to hospital? 
If yes, please give details
Yes / No
Have you ever had any limb injuries/broken bones? 
if yes, please give details
Yes / No
Do you take any medication regularly or to treat any condition? Yes / 
If yes, please give details
No
Please give details of regular exercise you undertake:
Approximate duration of pre-RM training preparation: ___
Modes of training (Please Circle):Running Cycling
weeks
Other (Please List):________________________________
Approximate times per week (frequency) of physical training:
Approximate average duration of physical training per session: 
Do you have any known allergies?
If yes, please give details
Swimming Circuit 
Training
Weight
Training
mins
Yes / No
Signed, Name Date
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Appendix G: RECRUIT SUPPLEMENTS AND SMOKING QUESTIONNAIRE
Name__________________________Service No._____________  Troop_____________
1. Please give details on dietary supplement usage
Brand
Name
Strength
&
Quantity
Taken
How often taken?
Everyday More than 
once a 
week
Less than 
once a 
week
Never
Multivitamin
Multivitamin with 
minerals
Creatine
iron
Calcium
Calcium with 
Vitamin D
Sports/energy 
drinks/energy gels
Protein bars/ 
powder/ shakes
Others - details:
Have you ever been a smoker?
No Yes
If Yes: Approximately what age did you start smoking?
If you have given up, approximately what age did you quit? 
Approximately how many cigarettes a day did you smoke?.
yrs 
. yrs
If you are still a smoker, approximately how many cigarettes do you smoke 
each day?
(Please tick appropriate box)
Nil 1 - 5 5 - 1 0 11 -2 0 20 +
Thank you
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Appendix H
CTCRM CLINICAL GUIDELINE NO. 8 STRESS FRACTURES
Introduction
1. A small but significant number of recruits passing through CTCRM will 
sustain a stress fracture. Although these cases make a relatively small proportion of 
our weekly workload, they are responsible for a significant amount of time lost from 
training. Most common are metatarsal fractures (average time in Hunter Coy 3 
months) followed by tibial stress fractures' (average time in Hunter Coy 5 months) 
and then neck of femur (NOP) (average time in Hunter Coy 10 months). Other 
stress fractures (e.g. pubis, navicular, calcaneum, pars interarticularis) are more 
rarely seen but easily missed.
2 Management of stress fractures is complicated by the difficulty of diagnosis 
but the consequences of missing a stress fracture of a long bone can be 
catastrophic. A high index of suspicion is therefore required at all times. If in doubt 
seek MO opinion plus / minus xray. If still in doubt treat as a stress fracture until 
proven otherwise.
3. Diagnosis is made difficult by the varied mode of presentation and the fact 
that many stress fractures do not show up on xray immediately. Often re-xray at an 
appropriate time will reveal the diagnosis when the presence of callus is revealed. 
The temptation to over-xray must be resisted and the radiographic protocols in this 
guideline followed carefully.
Administrative Actions
4. Care should be taken NOT to code as a stress fracture on DMICP until it is
proven conclusively. For this reason the Stress Fracture code (S3z2) should only be 
made by an MO or Physio. Coding until that point should be confined to pain in the 
anatomical site e.g. foot pain. Once diagnosis is confirmed all stress fractures are to 
be coded using the correct DMICP code. Additional coding should be made to 
indicate the anatomical site. This will allow accurate searches to be made for 
statistical purposes.
5. Once the diagnosis of stress fracture is made it is useful to record the
following data : recent height, weight, smoking status, date of onset of symptoms 
and presentation date. The week of training must be recorded.
6. Hunter Physiotherapists will monitor monthly fresh cases of stress fractures 
by anatomical site. The DMICP search can be cross referenced with Hunter 
admissions list and radiography database to ensure 100% capture.
Diagnosis
7. Stress fractures of the lower extremity present as localized dull pain not
associated with trauma that worsens during exercise or weight bearing. Localized 
swelling or periosteal thickening may occur at the pain site. The differential 
diagnosis includes 'shin splints' (periosteitis), compartment syndromes, and nerve or 
artery entrapment syndromes. Tenderness to palpation typically is present at the 
injury site and is the hallmark of a stress fracture. In femoral fractures, patients 
usually complain of pain in the groin, anterior thigh, or knee, as well as painful range 
of motion of the hip. Night pain described as gnawing or toothache is suggestive.
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8. Plain film radiographs generally should be obtained in the initial evaluation 
but may not reveal a stress fracture soon after the symptom onset. Evidence of a 
fracture may never appear on plain radiographs or may not appear for two to 10 
weeks after symptom onset. Repeat radiographs obtained during the convalescent 
phase reveal the fracture in most (but not all) cases.
9. Triple phase nuclear bone scans are extremely sensitive for detecting stress 
fractures and may be indicated if xrays are negative. Focal isotope uptake at the 
site of interest that persists in the third (delayed) phase of the scan is generally 
considered diagnostic. Conversely in the absence of focal uptake the diagnosis of 
stress fracture is unlikely. Compared to MRI, the advantage of scintigraphy is that 
the entire skeleton can be screened. The drawbacks of bone scanning include a 
relative lack of specificity and anatomical resolution. This normally means that MRI 
is preferable as soft tissue imaging and study of the bone allows greater 
understanding of the spectrum of bone marrow oedema to full stress fracture Bone 
scans can normally be arranged within one week locally.
10. Magnetic resonance imaging scans are much better than plain films for initial 
diagnosis and may characterize the fracture better than bone scans. The advantage 
of MRI is better spatial resolution and better specificity but the difficulty is obtaining 
one at short notice. This can be facilitated by a phone call direct to the Consultant 
Radiologist. A trial is running at MDHU Derriford involving comparison of USS vs 
MRI, and this allows quicker access to MRI. The CTCRM radiographer P Roscoe is 
to be consulted when further imaging is required and can often obtain quick scans 
and can advise on best imaging practice.
11. The use of low-frequency ultrasonography over the affected area for several 
minutes may precipitate a pain response in fractures, allowing rapid and 
inexpensive diagnosis however low-frequency ultrasonography is not recommended 
at this time for the routine diagnosis of stress fractures.
12. Radiographic algorithms for the three commonest stress fractures seen at 
CTCRM have been developed in conjunction with Surg Cdr Miles RN Consultant 
Radiologist at MDHU Derriford and attached at Annex A-C. These are to be 
followed rigidly.
Clinical Management
13. Conservative therapy for stress fractures involves the use of ice, 
nonsteroidal anti-inflammatory drugs, and rest of the affected bone for several 
weeks or until pain- free. Thereafter a gradual return to the offending exercise 
intensity is indicated normally under Hunter Coy supervision. Substitution of a non- 
weight-bearing exercise, such as swimming (or upper extremity bicycle for lower 
extremity fractures), may speed recovery without loss of cardiovascular 
conditioning.
14. Most stress fractures will normally be managed in-house but specialist 
orthopaedic opinion may be required in some cases. All newly diagnosed stress 
fractures of the neck of the femur must be seen by an orthopaedic surgeon 
(normally in the local Fracture Clinic). This is because of the high incidence of non­
union, the potential long term consequences of avascular necrosis in the femoral 
head and the possible requirement for internal fixation. NOF fractures on the 
"compressive" ie inferior side of the bone are generally "safe" but particular caution 
should be taken where the "distractive" ie superior surface of the bone is involved. 
In all cases of suspected long bone stress fracture the patient must be made strict
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non-weight bearing until the diagnosis is clear. This may require admission to the 
ward for strict bed rest.
15. Data indicates that air splinting or pneumatic casting can significantly reduce 
pain and healing time in tibial and fibular stress fractures. Metatarsal and navicular 
fractures may require short leg casting for six to eight weeks although in practice 
this is rarely done at CTCRM. Femoral fractures may require casting or internal 
fixation if the fracture is of the 'tension- type', but should require only conservative 
non-weight-bearing therapy if the femur has a 'compression-type'stress fracture.
16. Audit of past cases indicates that even the more serious stress fractures of 
hip and tibia will recover in time and recruits can and do pass out of RM Training 
after this diagnosis. Follow up in their units indicates that they are at no higher risk 
of recurrence as trained ranks in 3 Cdo Bde.
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TO CLINICAL GUIDELINE NO 8 
DATED 17 Feb 10
PROTOCOL FOR IMAGING SUSPECTED HIP STRESS FRACTURES
DAYO X-RAY
- ive
MRI^
- ive
DAY 28 REPEAT X-RAY
■^+ive
Diagnosis of stress # 
Check X-ray for 
healing at 12 weeks
^+ive
-► + ive
If MRI not available consider Triple Phase Bone Scan
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ANNEXE
TO CLINICAL GUIDELINE NO 8 
DATED 17 Feb 10
PROTOCOL FOR IMAGING SUSPECTED METATARSAL 
STRESS FRACTURES
N T AL RAD OGRAPH
+ ive - ive
No further films unless Re-Xray in
symptoms persist, or 14 days
another stress fracture is
suspected, or delayed
union suspected
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ANNEX C
TO CLINICAL GUIDELINES NO 8 
DATED 17 Feb 10
PROTOCOL FOR IMAGING SUSPECTED TIBIA & FIBULA STRESS
FRACTURES
INITIAL RADIOGRAPH
+ ive
Follow up plain 
films to assess rate 
of healing after 4 
weeks.
- ive
Follow up films after 3 
weeks
-ve but symptoms persist
Bone Scan
1
If finds not specific proceed 
to MRI
2 2 0
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Appendix I: MODREC Ethical Approval for BUA reliability study.
MOD Research Ethics Committee (General)
Corporate Secretariat 
BIdg 5, GOl-614 
Dstl Porton Down 
Salisbury, Wiltshire 
SP4 0 JQ
Secretary: Marie Jones 
telephone: 01980 658155 
e-mail: mnjones@dstl.gov.uk 
fax: 01980 613004
Dr Joanne Fallowfield, 
Environmental Medicine Unit, 
Institute of Naval Medicine, 
Alverstoke,
Gosport,
Hampshire P012 2DL.
Ref: 0922/247
5th July 2010
Dear Dr Fallowfield,
Re: Nutritional Influences on Bone Health and Stress Fracture Incidence during 
Arduous Military Recruit Training: Phase II -  BUA Pilot Study -  3"^  ^
amendment
Thank you for your letter of 4th July requesting ethical approval of this amendment 
which will allow ultrasound estimation of bone mass of both heels and also collection 
of further information using a questionnaire to provide data relevant to bone density.
I am happy to give ethical approval on behalf of MODREC for this amendment.
Yours sincerely.
Dr Robert Linton
Chairman MOD Research Ethics Committee (General)
telephone: 020 8877 9329 
e-mail: robert@foxlinton.org 
mobile: 07764616756
2 2 1
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Appendix J: MODREC Ethical Approval for the studies reported in Chapters 5 and 6.
science | innovation | technology
MINISTRY OF DEFENCE 
Level 1, Zone K, Main Building, 
Whitehall
London SW1A 2HB
telephone: 020 8877 9329 
e-mail: robert@foxlinton.org 
mobile: 07764616756
Dr Joanne Fallowfield, 
Environmental Medicine Unit, 
Institute of Naval Medicine, 
Alverstoke,
Gosport,
Hampshire P012 2DL.
Ref: 0926/251
21 S t July 2009
Dear Dr Fallowfield,
Re: Nutritional Influences on Bone Health and Stress Fracture Incidence during 
Arduous Military Recruit Training: Phase II -  Training Lifestyle and Injury
Dated 17/07/2009 (ref: 0926/251)
Thank you for submitting this interesting research protocol for ethical review and for 
this most recent revision taking into account the comments made at the MoDREC 
meeting last week.
I am now happy to confirm ethical approval for this research and should be grateful if 
you would send me a copy of your final report on completion of the study. Please 
would you also send me a brief annual report if the study is still ongoing.
This approval is conditional upon adherence to the protocol -  please let me know if 
any amendment becomes necessary.
I hope the work goes well.
Yours sincerely.
V/Va- *'\TNs
Dr Robert Linton
Chairman MoD Research Ethics Committee
2 2 2
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